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A LYMPROCYTE SURFACE RECEPTOR THAT BINDS CAML, NUCLEIC ACIDS
ENCODING THE SAME AND METHODS OF USE THEREOF )

RESEARCH SUBPORT

The research leading to the present invention was supported in part by the Cancer Center
CORE grant CA-21765 from the National lInstitutes of Health. The government may have
certain rights in the present invention. Support for this invention was alsa provided by the
AMERICAN LEBANESE SYRIAN ASSOCIATED CHARITIES, and American Cancey
Society grant Bt-234, James McDonne!l Foundation grant, JSMF 93-40.03.

FIELD OF THE INVENTION

The invention relates generally 1o the reguiation of transcription i lymphocytes, proteins
involved therein, antibodies therecf, nucleic acids that encode the proteins and uzses of the

nucleic acids, amibodies nnd proteins.

BACKGROUND OF THE INVENTION

Investigators are only beginning to unravel the mechanisms that control the celjular
Tesponse to extrinsic factors. One basic feature of many of such mechanistms js the initjat
binding of an extrinsic factor, e.g., 2 ligand, to a celf surface membrane protein, i.e., a
recepior. The binding of a Hgand to its receptor usualiy effects a celiular change through
a cascade of evests, These events commenly involve other proteins, such as protein
kinases, protein phosphatases, JAK prateins, Stat proteins, andfor G-proteins. In addition,
there is generally a requirement for a transcription factor to bind to a specific DNA
r.eguiamry sequence in the mucleus of the cell, and thereby initiate the transeription of one

or more particular genes.

Other factors are often involved. In antigen-stimulated jymphocyte activation, for
example, caleium (Ca™) influx is also necessary for the witimate initiation of DNA
transcription, Tht'.rinmmed cytoplasmic calcium concentration may originate as an
external influx or a release of internal stores. Increased caleium concentration which
activates the calcium-dependent protein phosphatase caleineurin acts in conjuaction with
other agents 1o sipnal the initiation of transeription. % is clear that the pathway involving

calcium influx is essential to a number of processes involved with activation and
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proliferation of cells.

Tntracelinlar calcium levels play 2 major furction in a number of different cell types

involving & nember of different activities. In addition to the induction of gene :
transcription by calcium influx, many other calcium-dependent events, such as those which E
oecur during mascle eontraction (both cardiac and skeletal), vesicle degranuiation (such as
in the responss of newtrophils and macrophages to infection, or basophil response to
anliges stimulation, or release of acetylcholine by neurons), and closure of intraceliular
gap junctions offer opportunities for cellular regu!ntibn. The cell cycle can also involve
fluxes of calcium. Intracellular chelators which block changes in intracelivlar calcium
concentration can bloek the cell eycle from progressing, thereby arresting cell division.
[Rabinovich et al., J. of Immunol., 137:952-961 {1986)]. Therefore, regulation of

caicism can be sffective in modulating celf division in normal and diseased cells.

Lymphocytes arc a primary component of the celiular arm of the immune system.
Activation of one particular type of lymphocyte, a T-cell, can result through the
stimulation of a T-cell receptor by e.g., the binding of 2 T-cell receptor (TCR) to an
antigen presented by an antigen-presenting cell. This stimulation results in the activation a
Ca**-dependent phosphatase, calcineurin. Activated calcineurin, in tum, activates NE-AT,
a lymphocyte specific transcription factor that together with'a companion transeription
factor, AP-1, effects the exﬁmsion of the inducible T-cell growth factor, interleukin-2
(IL-2). Activation of AP-1 is a calcium-independent process that involves protein kinase
C, and can be experimentally achieved with the addition of phorbol myristate acetate
(PMA). The immunosuppressant drug cyclosporin A (CsA) binds te and inhibits the
proly! isomerese activity of cyclophilin and the resulting drug-isomerase complex
inactivates calcinetrin, by a direct interaction near the active site of the enzyme. [Liu &
al., Cell, 66:807-15 (1991)]; [Clipstoce and Crabiree, Nature, 357:695-7 (1592)1;
[0"Keefe ef al., Nature, 357:692-4 (1992)]. NF-KB is a third key transcription factor
which is important in the activation of Jynphocytes and which is activated following the
stimulation of the T-cell or B-cell antigen receplor,

Another protein associated with the calcium signaling pathway in lymphocytes is the
recently identified caicium-signal modulating ¢yclophilin ligand (CAML) [Bram, R. J. snd
Crabtree, G. R., DNA Encoding Calcium-Signal Modulating Cyclophilin Ligand, U.8.
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Patent No. 5,523,227, Issued June 4, 1996, hereby incorporated by reference in its

entirety]. CAML binds cyclephilin B with reasonable specificity, t.e,, CAML.-does not

bind cyciophilin A or C, Unlike the cyclosporin A-cyclnphilin complex, however, the
CAML-cyclophilin B complex does not directly bind to calcineurin. Thus CAML appears

to affect calcineurin through its regulation of C2** influx. As expected, CsA can

indirectly block the activating effect of CAML on wansetiption, by inhibiting calcineurin.
In addition, CAML appears to have no effect on the activation of AP-1, and so the
CAML-dependent activation of NF-AT experimentaily requires the addition of PMA.

CAML scts downstream from an extrinsic signal but upstream from calcingurio. The
location of CAML in cyleplasmic vesicles suggests that it can regulate Ca®* influx by
modulating intracellular Ca®* releass. However, thers remains a need lo determine the
naturat factor {or factors) that commmnicats the external signal to the cellufar CAML.
Farther, there is 2 need o understand how CAML interacts with this factor in order to
leara how to better contro} the important celluler processes that CAML helps to reguiate,
A different class of signaling molecule is the TNFR family of cell surface receptors [Smith
et al., Cell 76:959-62 (1994)]. These receptors initiate ineracellular signals leading to the
onset of cell growth, desth, or gain of effector function.

SUMMARY OF THE INVENTION

A novel lymphocyta receptor, its DNA sequence, and its role in the caleium activation
pathway is described. The protein, or genetically enginesred constructs encoding it, can
be used to enhance Jymphocyte response, or to identify lipands of the protein receptor.

_ The soluble, exuaceliular domain can be used to inhibit cellular activation. Antibodies to
the protein can be generated for diagnostic or therapeutic uses, The protein and DNA
may also be used for diagnostic purposes and for identifying agents for modulating the
calcium induced activation pathway. Knowiedge of the coding sequence atiows for
manipulation of celis to elucidate the mechanisrs of which CAML is a part.

A particular advantage of the present invention is that it provides lymphocyte activation of i
a recepror found on all B cells, but only on a subset of T cells. The receptor can thus be

targetad to specifically regulate B cell responses without affecting mature T cell activity.

Such tarpering specificity is always advamtageous, particularly where an increase or
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decrease of antibody production independent of eellular immune responses is desired, e.g.,
during ap infection (increase) or to avoid immune complex deposition complications

{rheumztoid arthritis, glomeminnephritis, and other autcimmune conditions).

Crosslinking the novel cell surface receptor of the present invention activates B cells and
some populations of T cells. Activation of these cells increases the immune sysiem
activity. On the other hand, blocking or inhibiting the novel celi surface receptor of the
present invention can result in immunosuppression. Depending on the endogenous Jevel
of activation of the receptor, which can be evaluated using the antibodies or nucleic acids
of the invention, receplor activity can be enbanced or suppressed o achieve a desired
ontcome. Either activating or inhibiting the function of the novel eell surface receptar of

the present invention can be used to treat cancers of T and B cells.

The present invention includes an isolated Transmembrane Activator and CAML-Interactor
{TACH protein that functions as a cell surface signaling protein and comprises an
extracelfular domain, 2 membrane spanning segment, and a cytoplasmic domain. in one
embodiment, the TACI protein is 2 plasma membrane receptor in which the extracelfular
dorzain resides at the N-terminal portion of the protein and the cytoplasmic domain resides
at the C-terminal portion of the protein. The N-terminal portion of the TACI prowin
fimetions 25 a binding site for 2 ligand that stimulates the activation of the cell by inducing
the binding of the C-termina! portion of the TACT protein to the N-teominal domain of
CAML. Since CAML is an integral membrane protein that is localized to cytoplasmic
visicles, the TAC! protein is 2 plasma membrane receptor that directly interacts with an

intraceliular organslle in lymphocytes.

In one embodirpent, the menomesic form of the isolated TACI protein consists of about
205 amino acids. In a preferred embodiment the monomeric form of 2 Transmembrane
Activator and CAML Interactor (TACT) protein contains 280 to 310 amino acids. In mc;re
preferred embodiments the moromeric form of 4 TACI protein contains 290 10 296 amino
acids, In a specific embodiment exemplified infra, the monomeric form of a TACI

protein contains 293 amino aclds.

One embodiment of the isolated TACT protein contains two TNFR superfamily cysteine-
rich tepeats [Bairoch, Nucl, Acids Res., 21:3097-3103 (1993)]. In a preferred

i
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embodiment, = TACI protein that is sppropriately stimulated, in sirz, such as by a ligand
or an ami-TACT antibody, initiates the activation of a transcription factor through the
combination of a Ca¥*-dependent pathway and a Ca’*-independent pathway.

The present invention includes an isolated pucleic acid that consists of af least 13
nucleotides of a mcleotide sequence that has at Teast 60% similarity with SEQ ID NO:,
or alternatively at least 60% similarity with the coding sequence of SEQ ID NO:1. The
nucleotide sequence encodes a TACH protein which has a binding aifinity for CAML. In
one such embodiment the isolated nucleic acid encodes 2 TACI protein.

In a preferred embodiment of the present invention the nucleotide sequence has at least
75% similarity with SEQ ID NO:1, or has at least 75% similarity with the coding
sequence of SEQ ID NO:1. In a more preferred embodiment, the nucleotide sequence has
at least 50% simitarity with SEQ 1D NO:1, or has at least 90% similarity with the coding
sequence of SEQ ID NO:1. In an even more preferred embodirnent, the nucleotide
sequence has between 95-98% simiiarity with SEQ ID NO:1, or has betwesn 95-98%
similazity with the coding sequence of SEQ ID NO:1. In 2 particular embodiment the
nuclwtiéc sequente is SEQ'ID NO.1. In a related embodiment, the nucleotids sequence
consists of the coding sequence of $EQ ID NO:1. In a specific embodiment, exemplified
irgfry, the isolated nucleic acid has the nucleotide sequence of SEQ ID NO:1. Inarelated
erbodiment, the isolated nucleic acid consists of the coding sequence of SEQ 1D NO:1.

In another related embodiment the present invention includes an isolated nucleic acid
which contains ar least 18 mucleotides and hyl?ridizas 1o SEQ ID NO:1, or more
particularly hybridizes to the coding sequence of SEQ ID NO:1. la one such
embadiment, the hybridization is performed under moderate stringency. In another
embodiment, the hybridization is performed under standard hybridization conditions. In
yet & thind embodiment, the hybridization is performed under stringent hybridization

conditions,

In stifl another related embediment the present invention includes an isolated muecleic acid
which contains at least 18 nucteotidss of & nucleotide sequence that encodes a TACT
protein having an amino acid sequence of either SEQ ID NO:2, or SEQ [ NO:2 with

one or more conservative substitutions. In one such embodiments of this type, the isolated

T
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nucleic zeid encodes an N-termiral fragment of the TACI protein comesponding to the
extmacellular domain. In another embodiment, the isolated nucleic acid encodes.a
C-terminal fragment of the TACT protein that is sufficient to biad 1o the N-terminal 146
amino acids of CAML. In yet another embodiment, the isolated nucleic acid encodes the
transmembrane portion of the TACI protein, In still anather embodiment, the isolated E
nucleic acid encodes the full-length TACI prateia, .

In a preferred embodiment of the present invention, the isolated mucleic acid consists of at
least 24 nucieotides. In a more preferved embodiment, the isolated nucleic acid consists of
at Jeast 30 nucleotides. In an even more preferred embodiment, the isclated nucleic acid
consists of at Jeast 36 nucleotides. Oligonuclentides of the invention can be used as
nucleic acid probes, PCR primers, anfisense nucleic acids, and the like, for diagnostic and

therapentic purposes.

In one embodiment of the present invention, an isolated mucleic acid encodes 2 C-terminal
fragrzent of the TACT protein that is sufficient to bind to the N-terminal 146 amino acids
of CAML. In one panticular embodiment of this type, the C-terminal fragment contains
abowt 126 amino acids. In another emtbodiment of this type the C-terminal fragment has
an amino acid sequence of either SEQ 1D NO:4, or SEQ ID NO:4 with one or more

conservative substitutions.

I another embodiment, e isolated nucleic acid encodes an N-terminal fragment of the
CAML-binding protein corresponding to the extraceltular domain. In a particular

.embodirment of this type the N-terminal fragment has an amine acid sequencs of either

SEQ ID NO:6, or SEQ ID NO:6 with one or mors conservative substitutions.

1 a preferred embodiment, the isolated nucleic acid encodes a TACI prolein that has a
binding affinity for CAML, When such a TACE protsin is appropriately stimulaied, in
sit it initiates activation of a transcription factor through the combination of 2
Ca®*-dependent pathway and 2 Ca"-indépandcnz pathway, In a more preferred
embodiment, the isolated micleic acid encodes a TACT protein baving the amino acid
sequence of SEQ ID NO:2.

whrdd

The present invention also includes a DNA construct comprising an isolated necleic ecid

TRE .
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of the present invention that is a recombinant DNA epentively linked to an expression
control sequence. The expression control sequence can be selected from the group
consisting of ths early or lare promoters of SY40 or adenavirus, the kae system, the trp
system, the TAC system, the TRC sysiern, the major operator and promoter regions of
phage A, the control regions of fd coat protein, the promater for 3-phosphoglycerate
kinase, the promoters of zcid phosphatase and the promoters of the yeast a-mating fartors.

In a prefesred embodiment, the expression control sequence is either a standard tet
inducible promoter, a metaflothionzin promoter, or an ecdysone promoter. In a mare

preferred embodiment, the expression contrel sequence is the SR, promoser.

The present invention also includes = unicellular host transformed with & recombinant
DNA construct of the present inventiog. 1n one embodiment the unicellular host is a
prokaryote. In another erbodiment the unicellular bost is 3 eukaryotz. Preferably the
eukaryotic host is a mammalian cell, for example, a COS, CHO or Jurkat T cell, which
could be useful for evaluatipg activity of the TACI protein or to identify moduiatory
agents,

The present invention includes the isolated polypeptides encoded by the nucleic acids of
the present invention, ﬂaéxﬁums thereof, and fusion proweins thereof. In one embodiment,
the pelypeptide fragment consists of an N-terminal fragment of the TACH protein
corresponding to the regulatory extracellnlar domain. In a particular embodiment the
N-terminal frapment has an amino acid sequence of SEQ ID NO:6 or SEQ 1D NO:6 with

one or more conservative substitutions,

In another embodiment, the polypeptide fragment consists of a C-terminal fragment of the

 TACI protein that is sufficient to bind to the N-terrinal 146 amino acids of CAML. In
onz such embodiment, the C-terminal fragment contzins 95 to 130 amino acids, Ina
specific embodiment, the C-terminal fragment contains the C-terminal 126 amino acids of
SEQ ID NO:2. In an alternative embodiment the C-terminat fragment of the TACI
protein contains about 110 amine acids, In'a preferred embodiment of this type, the
C-terminal fragment contains 107 amino acids and has an amino acid sequence of SEQ ID
NO:4,

-
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The present invention also includes the preparaton of a recombinant form of the
extracelular portion of a TACI protein, thereby-creating a dominant-negative or blocking
rzagent. This component intercepts the nommal endogenous ligands which serve to
crosslink and activate the TACI protein. Administration of such a polypeptide acts to
suppress the immune systern.  Such administration is useful in the freaument or prevention

of autoimmune disease or graft-rejection or praft-vs-host disease following transplantation.

A chimesic TACI prowein of the invention may be a protein that is gcncram;! by joining
the extraceluter domatn of another receptor molecule with 1 transmembrane domain and
the intracellular domain of 2 TACI protein. In another embodiment, the extracellular
domain of a TAC! protzin can be joined with a rassmembrane domain and an
intracaliuiar domain of another recepior molecule. The tr;msmcmbrane domain can be the
transmembrane domain of a TACI protein, the transmembrane domain of the other
receplor, or a different transmembrane domain, Preferably, the transmembrane dommain is

from the same protein component of the chimera as the extracellular domain.

In 2 preferred embodiment the polypeptide is 2 TACI protein encoded by o nucleic acid of
the present invention that has a binding affinity for CAML and when appropriately
stimulated, ir situ, initiates activation of a transcription factor through the combination of

a Ca**-dependen: pathway and a Ca**-indspendent pathway,

The present invention also includes antisense nucleic acids that hybridizs under
physiological conditions to the mRNAs that encode the TACI proteins of the present
invention. Such andsense nucleic acids may be RNA transcribed from an antisense gene,
or RNA or DNA produced exogenously (whether by expression or chemical synthesis).
Preferably, a synthetic antisense mucleic acid is prepared with non-natrally occurting
bords to prevest its rapid bydrolysis and thes increase its effective half-life.

A kmockout animal is nlso part of the present invention. The knockout animal comprises &
first and second allele which each natvrally encode and eapress functional TACI protein
but in which at least one of the two alleles is defective and thereby prevents the animal
from expressing an adequate amount of the TACI protein. In one embodiment of this
type, the first allele contains a defect that prevents the animal from expressing any
funciional TACI protein, In a preferred embodiment, 2 knockout animal contains both 2

PCTUS98D4IT0 - - '
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defective first allele and a defective second allele. These defective alleles prevent the
animal from expressing functional TACH protehr. In 2 preferred embodiment, the

knackout animal is a knockeut mouse.

The present invention also includes antibodies to all of the nucleic acids and polypeptides
of the present invention. In a specific embodiment, the antibody is prepared against the
TACI protein having an amino acid sequence of SEQ 1D NO:2, or an antigenic fragment
thereof, The antibodies of the present invention cag be either monoclonal antibodies or
polyclona! antibodies. In one embodiment, the antibody is a monocional antibody that is a

chimeric antibody.

An immortal celf line that produces a monoclonal antibody of the presemt invention is also
part of the present invention. In 2 specific embodiment of this immorial cel line, the
monocional antihody is prepared against the TACI protein having an amino acid sequence

of SEQ ID NO:2 or an antigenic fragment thereof.

Tke present invention alse includes an N-terminal fragmem of CAML that is sufficient 1o
bind to the C-terminal 126 amino acid fragment of TACK1. In one such embodimeat, the
N-terminal fragment of CAML contains 146 amino acids. This N-terminal fragment of
CAML can serve as an inhibitor of TACI-CAML binding. . N

The present invention includes methods of making TACI proteins, fragments thereof and
fusion proteins thereof. In ore embodiment the method comprises introducing an
expression vector comprising a nicleic acid encoding a polypeptide that is a TACI protein,
or 2 fregment thereof, or a fusion protein thereof, inte a host cell and expressing the
encoded polypeptide. In a preferred embodiment the expressed polypeptide has a binding
affinity for CAML.. In a2 more preferred embodiment the polypeptide, when appropriately
stirmilated, in sire, initiates activation of 2 transeription factor through the combinarion of
a Ca®*-dependent and & Ca**-independent pathway, In the most preferred embodiment of
this type the expressed polypeptide is a TACI protein having an omine acid sequence of
SEQ ID NO:2.

Metheds of purifying the expressed polypeptides encoding TACI proteins, fragments

thereof and fusion proteins thereof, are also part of the present invention, as are the
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purified expressed polypeptides themselves.

“Fhe present invention also includes methods for identifying a ligand for a TACI protein.

One embodiment of such a method comprises contacting the N-terminal extracellufar i

s

N-terminal extracellular polypeptide with the candidate molecute. The binding of the N-
1erminal extracellular polypeptide with the candidate molecule indicates that the candidate

molecule is Hgand.

Tn an alternative methed for identifying a Hgaod for a TACT protein, & functional TACI
protein is nsed. In preferred embodiments of this typs the functional TACI protein is
TAC!-1. The binding of the ﬁmcr.icn:ii TACI protein with the candidate molecule
indicates that the candidate molecule is a lipand. In one such embodiment, binding of the
candidate molecule to the functional TACI protein is determined by detecting cellular
activation as a function of the level of activation of the AP-1 pathway. In another
embodiment, binding of the candidate molecule to the functional TACE protein is
determined by detecting cellular activation as a function of the level of activation of the
CAML. pathway.

In another embodiment, binding of the candidate molecule to the finctional TACI protein

is determined by detecting cetfular activation as a function of the Jevel of the concentration

of the NF-AT transcription facter. In still another embodiment, binding of the candidate

molectsle 1o the functions! TACI protein is determined by detecting ceflular activation as a

function of the level of activation of the NF-KB pathway. In yet another embodiment, ,
binding of the candidate molecute to the functional TACI protein is determined by

detecting celiufar activation as a function of the level of the activation of NF-AT. In this

gase, the level of activation of NF-AT can be determined by methods including

dernonstrating cytoplasm to ouclear transiocation of NF-AT; the reladve

dephospharylation of NF-AT; and/or by NF-AT-dependent transcription.

In preferred ermbodiments, more than one of the above determinations of celluiar F"-'
activation is made, and the candidate molecule is identified as a ligand when all the
determinations made indicate the binding of the candidate mofecule to the TACT protein.

In the most preferred embodiment, all of the above determinations of cellniar activation
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are made and the candidate molecule is identified a5 a ligand when all of these
determinations indicate that the candidate molecule binds to the TACI prowein. -

Methods for identifying a ligand for 2 TACI protein may be performed in a large mumber

of expression systems in the TACI protein can be expressed. One embodiment employs
the use of a yeast two-hybrid expression system using the TACT protein as "bail.” In
anaother embodiment, interaction cioning from E. colf expression-libraries may be
employed. In yet another embodiment, functional expression cloning in mammalian cells
of the TACI protein can be utilized. In o preferred embodiment, the mammalian celi's are
B-zell derived fines such as Burkitt's Lymphoma, EBV-irmmortalized cell lines, or multipie
myeloma cell lines. In a2 more preferred embodiment of this type, the TACT protein is
expressed in Jurkat T cells containiog a reporter gene under control of an NF-AT
prosnotes, In one such embodiment, the reporier gene encodes secreied atkaline
phosphatase (SEAP) as the marker.

The present invention also includes metheds of screening for an immunosuppressant drug
that inkibits the activation of B cells 10 a greater extent than it inhibits the activation of
mature T cells. In pr.zferrad embodiments of this type, the romunesuppressant drug
ihibits the activation of B celis, but does not inhibit the activation of mature T cells.
Such methods may be performed in wansformed T cells, such as a Jurkat T cell, which

* can be genetically manipalated te express the TAC! protein; or in B cells that naturally

express the TACT protein. The present invention also includes the immunosuppressant
drogs identified which inhibit the activation of B cells, but not the activation of matire T

celis. ‘ :

The present invention includes metheds of identifying 2n immunosuppressant druig that
selectively blocks the action of B lymphocytes without effecting mamre T lymphocytes.
One such embodiment comprises contacting a first Jymphocyte with a potential drug,
wherein the first lymphocyte contains 2 TACI protein and a first market protein. The first
marker protein is transeribed when the TACE protein is stimulated in the absence of 2
candidate drug. The TACI protein is stimulated, and the first marker protein is detected

~r

under conditians in which if it is transcribed, it is detectable, A potential drug is selected
as a candidate drug when the fitst marker protein cannot be detected. Next, a second
lymphocyte is contacted with the candidate drug, wherein the second lymphocyle contains
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a T cell zeceptor, and a second marker protein that is transcribed when the T cell receptor
is stienulated either in the absence or the presenes of the immunosuppressant dsug. The T..
eell recentar is stimulated and the second marker protein is detected nnder canditions in
which if it is transcribed, it is detectable, A candidate drug i5 identified a5 an
immmunosuppressant drug when the second marker protedn is detected, since the
immunosuppressant drug intarferes with the pathway {or aspect thereof) involving the
"TACI protein but not the pathway (or aspect thereof) involving the T celi recepror.

In ont embodiment, the first aod second lymphocytes are Jurkat T cells that have been
modified 10 express a TACT protein. In one such particular embodisnent the method
comprises comacting a first Jurkat T cell with 2 potential drug, wherein the first Juckat T
cell has been geneticaliy enginzered to express a TACI protein and a first reporter gene.
The first reporter gene is controlled by an NF-AT promoter, and encodes a fizst marker
protzin.  The TACI protein is activated, and the amount of expression of the first marker
protein is quantified. A potential drug is selected 25 a candidate drug when the amount of
the first marker protein exp}ssed in the presence of the candidate drug is decreased
relative to the amount expressed in the absence of the candidate drug. The candidate drug
is then contacted with a second Jurkat T cell that contains a T celi receptor and 2 second
reporier gene. The second reporter gens is controlied by an NF-AT prometer, and
encodes a second marker protein. The T celi receptor is activated and the zmount of
expression of the second marker protein is quantified and then compared to the amount of
second marker protein expressed In the absence of the candidate drug. A candidate dng
is identified as an immunosuppressant drug if either there is no decrease in the amount of
expression of the second snarker protein in (he presence of the candidate drug, or the
decrease in the expression of the second marker protein is measurably less than the
corresponding decrease in expression of the first marker protein in the presence of the
candidate drug.

Any of the marker proteins described herein may be used for this aspect of the invention
including SEAP, LacZ or luciferase. The first and second marker protein can be the same
protein or two different proteins. The TACI protein may be activated with an antibody
raised against a TACH protein, or an active fragment thereof, or a fusion protein thereof.
In a preferred embodiment, the TACT protein is TACH], ngeral promoters can be used
to control the reporter gene including the NF-AT promoter mentioned above and the AP-1

R srouii
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promoter. Potentiat drugs can be obtained from any of the drug libraries currently

available, and from the chemical and phage libraries described herein. -

These and other aspects of the present invention will be better appreciated by reference to

TR

the following drawings and Detailed Descripdon.

BRIEE DESCRIPTION OF THE DRAWINGS

Figure 1. The tissue distribution, protein sequence and other salient features of TACK-1.
Figure 1 depic:s-a Notthern blot of the tissues indicated probed with TACE-1 ¢eDNA.
Other tissues probed include the heart, brain, placenta, lung, liver, skeletal muscle, kidoey
and the pancreas, none of which showed any TACI-1 mRNA expression.

Figure 23 depicts the amino acid sequence of TACI-1. The proposed trangmembrane
domzin is shown in boxed peint and the Prosite TNFR_NGFR motifs are underlined,
Figure 2b depicts a Kyte-Doolitde hydrophobicity plot and schematic diagram of TACH-1
showing the positions of the putative u'nnsmembi'ane domain (solid black) and the
TNFR_NGFR motifs (stippled). Figure Zc depicts the cysteine residues of the TAC]
protein and other TNFR family members.

Figure 3. TACI-1 is a cell surface protein. Figure 3a depicts the flow cytometry of TAg

Jurkat T cefls transiently transfected with 2 TACI-1 expression plasmid and the

transfection marker, pHook (Invitrogen), or the transfection marker pHook alone. Cell

surface expression of TACI-1 and the ironsfection marker protein, HA-Hook, were

detected by indirect immunofluarescence using the ircnunoaffinity-purified anti-TACH-1

polyclonal antibody and the 12CAS monoclonal antibody. Depieted data represent TACEH i
1 staining of cells gated for the transfection marker, Figure 3b depicts a photornicrograph

showing surface the staiming of Cos-7 cells transiently expressing N-tzrminal FLAG-

tagged TACI-1, stained with M2 (anti-FLAG) antibodies and fluorescent anti-mouse I15G

antihodies [Bram & Crabiree, Nature, 371:355-358 (1994)]. Surface staining was present

whether or not cells were permeabilised with detergent. r

Figure 4. TACE1 is a signaling protein that functions in the activation of NF-AT-specific
transcription. Figure 4a depicts the activation of an NF-AT-driven secreled alkaline
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phosphatase reportes. TAg Jurkat T cells, co-transfected with the SXNFAT reporter [Bram
et al., Mol. Cell. Biol., 13:4760-4769 (1993)] and the expression plasmid pBI5 {Takebe,
Y., et al., Mol. Cell. Biol., 8:466-472 (1988)] containing cither TACE-1-encoding cDNA

{solid triangles) or nothing (circles), were treated with 50 ng/ml PMA and the indicated

hireying

amounts of ienomyein in the presence (closed symbols) and absence {open symbols) of
magnetic beads coated with immunoaffinity-purified anti-TACI-1 polyclonal antibodies.
Figure 4b depicts the activation of NF-AT by antibody-cross linked TACI-1 that is
blocked by Cyelosporin A (CsA) or FK506. NF-AT activation was determined in TAg
Jurkat T cells co-transfected with SXNFAT and prS (-TACI-1, 1eft) or pBIS-TACI-1
{+TACL-1, right), and treated with the indicated combinations of PMA (50 ng/ml),
ionomyein (2 uM), CsA (100 ng/ml) and FK506 (500 pp/mi) in the pr:sctice of anti-
TACI-1 antibody-coated bezds (NS, not stimulated). Figure 4c shows that NE-AT
activation by antibody-cross linked TACI-I requires extracellular calcium, NF-AT
activation was meagured in the presence of EGTA in Jurkat T cells over expressing TACI-
1. The treatments included crass linked anti-TACI-1 {circles), transfection with 2 C-
terminally truncated, ealciume-independent calcineurin A subanit (triangles), or activation
with the TCR. stimulating antibedy OKT3 {squares). Al cells were co-stimutated by the
addition of PMA to 50 ng/ml. Figure 4d depicts the activation of an AP-1-driven secreted
alkaline phosphatase reporter. AP-1 activation was measured in TAg Jurkat T cells, co-
transfected with 2 mouse metatiothionein AP-1-SEAP reporter {Bram er al., 1991, -s:':pra]
and pBI5 containing no insert (-TACI-1, left) or TACI-1 cDNA (+TACL-1, right). Cells
were incubated in the absence, and with seriafly increasing amounts, of cross linked anti-
TACH1 antibodies. To control for transfection efficiency, 2 plasmid containing a

constitutive promoter driving the expression of luciferase (EF-Luc) was included.

Figure 5. TACI-} interaction with CAML is ritical for Ca** signaling. Figure 5a shows
the yeast 2-hybrid interaction. Full-length ¢DNAs and indicated deletion mitants of
TACI-1 and CAML were cloned into the yeast expression plasmids pACT and/or pAS!,
and the indicated combinations were iested [or interaction with the yeast 2-hybrid system
(*+", positive interaction; *-', no interaction; NI, not done). Figurs 5b depicts the co-

immunoprecipitation of CAML, with TACI-1. 293T calls were transfected with the
indicated combinations of the expression plasmid pBJ5 containing cDNAs for CAML,
TACI-I with an N-terminal FLAG tag, the N-terminal 146 amino acids of CAML
{CLX91), or no insert. After incubation for 48 hours, the cells were lysed (1% dodecyl
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maltoside, 20 mM HEPES pH 7.4, 150 mM NaCl, 10% glycero!, 2 mM Mg50,, 1 mM
CaCl,, 1 mM PMSF) and the lysate was clarified by centrifugation. FLAG-tagged TACI- .
1 and associated proteins were immusoprecipitated with anti-FLAG monoclonal antibody-

conjugated agarose beads and subjected to Western transfer using standard protocols. The

TR

Western biot was probed with immunoaffinity-purified anti-CAML polyclonal antibodies
followed by chemiluminescent detection (Amersham). Parallel Western blets, performed
for each sameple, confirmed the expected expression of TACI-1, CAML ot the rurcated
CAML moutant in all eransfections. Figure S¢ shows that the over expression of the N-
terminal half of CAML has a dominant negative effect on TACK-1-induced NF-AT
activation, NF-AT activation was determined in TAg Jurkat cells ransfected with pBI5
alone, pBIS-TACI-1 pltis the control plasmid, or pBIS-TACI-1 with an equivalent amount
of CLX91, following treatment with TACI-1-specific antibodies {top). TACI-1
expression in these trans fections was determined by Western blot using anti-TACI-1
polyclonal antibodies {bottom). Figure 5d depicts a schematic diagram showing the
TACI-1/CAML signal transduction model {*SOC’, stores-operated calcivm channel).

DETAILED DESCRIFTION OF THE INVENTION

The present invention, in its broadest aspect, provides ¢ novel cell surfuce recepror that is

normatly present in B-lymphocyies, and to a much lesser extent in immature

T-lymphocytes. The role of the cell surface receptor, the Transmembrane Activator and

CAML-Interactor (TACI) protein, is to participate in alternate or co-stimulatory pathways

to activate or conirol lymphocyle function. These functions can inchude response of

lymphocytes to foreign antigens in infection, or to cancer, in the graft-rejection, and praft- i
vs-host reaction. Additionally, activation of lymphocyte signating plays a key role during
lymphoeyte development, thus allowing the positive selection of functional Iymphocyles
and negative selecrion sgainst self-reactive clones. When activaled, the TACI protein
stimulates the infux of calcium in lymphocytes. Such caleium influx cap, under specific

circumstances, lead to the onset of programmed cell death (apoptosis).

The terms "Transmembrane Activator and CAML-Interactor” protein or "TACI" or
"TACI protein® are used herein interchangeably with "transmesmbrane CAML-binding

T

protein” or “TCB" or "TCR protein® and refer to proteinaceous matenial including single

or multiple proteins that act as a novel cell surface receptor that is normally present in
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B-lymphocytes. This cell surface recepior has the profile of activities set forth herein,
Accordingly, proteins displaying substantially equivalent or aitered activity are Jikewise
contemplated. These modifications may be deliberate, for example, such as modifications
obtained through site-directed unutagenesis, or may be accidental, such as those obtained
through mutations in hosts that are producers of the proigin, Included within the scope of
these terms are proteins specifically recited herein, as well as all substantially homelogous

analogs and allelic variations,

In one embodiment the Transmembrane Activalor add CAML-Interactor is TACI-1, the
human homelogue. As shown in the Example, infra, TACI-1 initiates a previously
undetscted signal transduction mechanism that directly links cell surface stimuli to the
intraceliunlar signaling motecule, CAML. TACHK-I therefore is a member of & new class of
lymphoeyte-specific celt surface recepiors that modulate the immune response and thus
ptay be used as too! to regulate the immune system in either a positive or a negative
direction. In a specific embodiment, TACI-1 has the amino acid sequence set forth in
SEQ ID NO:2,

As used herein when a particular nucleic acid is said to encode a protein or polypeptide of
the present inventon, it is meant that the portion of the particular nuclsit acid that consists
of the coding sequence for that protein or polypeptide is being identified. For example,
the coding region of SEQ ID NO:1 is from aucleotide 14 to nucleotide 895, including the

3 nucleotide translation stop codon at the 3/ terminus.

For many pusposes, there is a substantial interest in being able to selectively prevent
activation of lymphocytss or in the alternative to selectively enhance their activation. For
‘example, for lymphocyte mediated autoimmune diseases, transplant rejection syndrome,
and praft-versus host disease, inhibiting the activation of the lymphocyte invelved is 2
viahle or necessary weatmers for the disease. Purthermore, in the case of myelomas, ‘
lymphomss, and jeukemias, especially of B cells or immature T cells, there is ap interest
in slowing the proliferation of cancer cells, which may allow for therapies which are not
as destructive to the host as present day therapies. On the other hand, for infections or
anti-mor immune responses, there would be interest in being able to activate
Iymphocytes to more rapidly respond to the pathogen. Thus, the present invention enobies
selection of useful agents, e.g., synthetic organic compounds which can activate and/or
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deactivate tymphocyles by providing a previously unknown key component in the
lymphocyte activation pathway.

In addition, as one understands the activation pathway more completely, one is able to
modulae the pathway more cffectively, such as providing for agents which are selective
for a particular set or subset of a cellufar population, Since in many casss activation
requires co-stimulation, being able to manipulate agents available 1o the celi may allow for
such cellujar activiiy. 1o this context, the identification of a target protein that can be.
used to develop drugs that modulate a particular pathway, such as the CAML-mediated
activation pathway, would allow physicians to particularly freat distinet immune conditiens
without over-stirulating or over-suppressing other delicate aspects of the immune system
tha are otherwise fanctioning well. Such targeted stimulation can be used to specifically
amplify the effecis of immupe stimulators, such a5 [L-2, thus allowing for the vse of

lower doses of the immuns stimulator and reducing side effects.

Furthermore, the invesion is an important advance in understanding the CAML-mediated
activation pathway, by permitting selective evaluation and control over the presence ot the
absepee of a particular intermediate in that pathway. This can be achieved with 2 knock-
out aniral using homologous recombination, integration of ge:nes providing for antisense
sequentes, introduction of expression constructs involving inducible promotess, and the
like. There is aso ap interest in being able 1o determine when a particular gene is being
expressed or is silent, the nature of the calls in which the protein is expressed, and the
like. Therefore, there is substantial interest in identifying specific components of cellular
pathways to atiow for understanding an activation pathway, selectively medulating that
pathway, and developing drugs which may be active in binding to the target protein. In
this way, drugs can be screened to inhibit such specific pathways.

One particular aspect of the present inventios includes 2 drug screen that uses TaClasa
100l for developing irmrrunﬂ'sqppressant drugs specific for B-lymphocytes. Such
immunosuppressant drugs would selectively block the action of B-tymphocytes, while
leaving T-cells intact 1o protect patients from virel pathogens. These drugs would be
useful in treating dissases such as Systemic Lupus Erythematosus, 2 disease due to an
over-activation of the B—lymphoc.ylc response, or multiple myeloma {e.g., Bence-Jones

Myeloma}.
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Crags-linking the TACI protein activates calcium influx and potentially other secondary
messengers. 1ts mode of action can be mediated by CAML. Unlike known cell surface
signaling molecoles that are specific for B ceils or T cells, such as CD4, CD8, TCR, an
D3, the novel cell surface recepior of the present invention physically interacts with
CAML. In addition, there is no sequence homoelogy between the novel cell surface
receptor of the present invention and any of these known lymphocyte cell surface signating

raolecules, or any other cell surface signaling molecules.

TACI Protsins and Polvpentides
In a broad embodiment, the present invention provides TACI proteins. Such proteins include
an extracellular -domain, & trapsmembrane domain, and a cytoplasmic domain. The
extracellular domain binds ligand. Upon ligand binding, the ecytopiasmic domain binds
CAML, thus initiating a Ca™* dependent activation pathway, Recsptor oligomerization, e.g.,
by binding ligand or with an ani-receptor antibody, also initiates 1 non-Ca*-dependent

activation pathway.

“The monomeric form of a TAC) protein contains about 295 amino acids. As used herzin
*sbout 205 amina acids” means between 265 to 325 amino acids, i.e., roughly plies or minus
10%.

The invention further relates 1o functionally active polypeptide components of TACI. In one
aspeet, a functionally active component af TACI is an antigenic fragment, e.3., 8 pepiide
reactive with anti-TACI antibodies, or which, when conjugated to a carrier, can be used to

generate anti-TACT antibodies. Another functionally active fragment includes the extracetlular -

domain, which binds Jigand. The extracebiular domain corresponds to the N-terminal
ﬂ:agmzm of TACL e.g., from the first amino acid residue of mawre TACI 10 the
transimembrane domain, In a specific embodiment, the exrracellular domain hag the amine
acid sequence corresponding to about residue 1 to about residue 166 of SEQ ID NO:6. The
ligand-binding region of TAC! is a sub-fragment of the N-terminal fragment corresponding

to the extracellular domain,

Stifl another functionally active fragment is the cytoplasmic domain, e.g., from the C-terminal
end of the transmembrane domain to the C-terminus of TACI. The cytop!asniic domatin of
TACI meédiates signal transduction via Ca**-dependent and Ca?*-independent mechanisms.

PCT/USIBNA2T0 -
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The cytoplasmic domain inciudes the CAMIL-binding region of TACL In particular, this
domain binds a polypeptide corresponding to the N-terminat 146 amino acid residues of-
CAML, Inz specific embodiment, the cytoplasmic domain corresponds to from abot aming
acid residue 187 to about amino acid residue 293 of SEQ ID NO:2.

In yet another embodiment, the present invention pravides protealytic fragments of a TACI
protein.  Such fragments can be prepared by enzymatic digestion, e.g., with Saureus
Po]ypepiides V8 in papain trypsin, chymowypsin, cathepsin, eollagenase, entcropeptidase,
thrombin, or fibrinolytic or clottiog enzymes; by chemical cleavage, e.g5., with cyanogen

bromide, or sodium borohydride; etc,

In a specific embodiment, the TACI protein s a receptor protein having the amino acid
sequence as shown in SEQ ID NO:2, from residue | to residue 293, The presé.m invention
contemplates allelic variants of TACI, homologaus TACI proteins from other species, and

TACI analogs, e.g., prepared by making conservative amine acid substinurions. whether by

gengtic cngineering or by chemical synthesis. A TACI analogue of the invention also

includes TACI antigenic fragments that contain, .., a terminal cysteine residue to facilitate

cross-linking 1o a carrier protein.

- There are-no reporied DNA sequences thar aze closely related to that for TACI-1. A search

for Prosite motifs in TACI-1 reveals one TNFR_NGER pattern, which consists of C-x(4,6)
[FYH]}-x(5, 10}-C-x{0,2)-C-x(2,3)}-C-x{7, 1 1}-C-x(4 SHDNEQSKP]-x(2)-C in the N-terminal
half of the protein (where e.g., C-x{4,6-[FYH] Is indicative of an amino acid sequence
starting with cysteine followed by either 4, 5, or § unspecified amino acids, fureher followed
by either 2 phenylalanine, 2 tyrosine, or 2 histidine). This motf is found in 2 number of
proteins, most of which are receptoss far growth factors, Some of these proteins have one
copy of this motif. A compariton of the TACI-] protein sequence with itseif reveals a
significant repeat betwesn the TNFR_NGER motif at residues 33-66 and residues 70-104.
This analysis drew attention to the presence of two TNFR-type cysteine-rich domains
encompassing these regions that indicate that TACI-1 is a member of the superfamily of
TNFR receptors.

Synthetic TACI polypeptides. The term "polypeptide” is used in its broadest sense to refer

to 2 compound of two or more subunit amino acids, amino acid analogs, or peptidomimetics.
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The subunits may be linked by peptide honds. Inanother embodiment, the subunit may be

linked by other bonds, e.g., ester, ether, etc.  As used herein the term "amina. acid” refers.
10 either narural andfor unnatural or synthetic amino acids, including glycine and both the D

or L optical isorhers, and amino acid analogs and peptidomimetics. A peptide of three or

more amine acids is commoniy called an cligopeptide if the peptide chain is short. If the

peptidde chain is long, the peptide is commonly calied a polypeptide or a protein. According

to the invention, TACI fragments, such as antigenic fragments, or potentially even full-length

TACI, ean be prepared synthetically.

Synthetic polypeptides, prepared using the well known techniques of solid phase, liquid phase,
or peptide condensation techniques, o any combination thereof, can include natural and
unnatural amino acids, Amino acids used for peptide synthesis may be standard Boe (N
amino protected Ne-t-butyloxyearbonyl) amino acid resin with the standard de-protecting,
neutralization, coupling and wash protocols of the original solid phase procedure of Merrifield
[). Am. Chem. Soc., B5:2149-2154 (1963)], or the basedabile N"-amino proteced
9.flucrenylmethoxycarbonyl (Fmoc} aming acids first described by Carping and Han [J. Org.
Chem., 37:3403-3405 (1572)]. Both Fmoc and Boc N*-amino protecied amino zcids can be
obtained from Fluka, Baﬁhem, Advanced Chemtech, Sigma, Cambridge Research
Binchemical, Bachem, or Peninsula Labs or other chemical companies familiar to those who
practice this art. In addition, the method of the invention can be used with other N°
protecting groups that are familiar to thase skilled in this art. Solid phase peptide synthesis
may be accomplished by techniques familiar to those in the ant and provided, for example,
in Stewart and Young, 1984, Solid Phase Synthesis, Second Edition, Pierce Chemical Co.,
Rockford, IL: Fields and Moble, 1990, Int. 1. Pept. Protein Res. 35:161-214, or using

‘automated synthesizers, such as sold by ABS. Thus, polypeptides of the invention may

comprise D-amino acids, a combination of D- and L-amino actds, and various "designer”
amino acids (e.g., S-methyl amino acids, Ca-methyl amino acids, and No-methyl amine
acids, efc.) to convey special properties. Syathetic amino acids inclnde ommithine for lyséne.
fiuorophenylalanine for phenylalanine, and norleucine for leucine or isoleucine. Additionally,
by assigning specific umino acids at specific coupling steps, a—he!icc{;. B turns, B sheets, -
turns, and eyclic peptides can be generated.

In a Further embodiment, subunits of peptides that confer usefal chemical and structural

praperties will be chosen. For example, peplides comprising D-amino acids will be resistant
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to L-amino acid-specific proteases in vivo. In addiden, the present invention envisions
preparing peptides that have more well defined structural properties, and- the use of -
peptidomimetics, and peptidomimetic bonds, such as ester bonds, to prepure peptides with
povel properties. In anather embodiment, 2 peptide may be generated that incorporates a
reduced peptide bond, i.e., R-CHNH-R,, where R, and R, are amino acid residues or
sequences. A reduced peptide bond may be introduced as a dipeptide subunit. Such 3
molecule would be resistant to peptide hond hydrolysis, e.g., protease activity. Such peptides
would provide ligands with unigee function and activity, such as extended half-lives in vivo
due 1o resistance to metzbolic breakdown, or prmeasé activity, Furthermors, it is well known
that in c=ttain systems constrained peptides show enhanced functionat activity [Hruby, Life
Sciences, 31:189-199 (1982)); [Hruby et al., Biochem J., 268:245-262 (1990)); the present
invention provides a methed to produce a comstrained peptide that incorporates random

sequences at all other positions.

Non-classical aming acids that induce conformational constrainis:

The following non-tlassical smino acids may be incorporated in the peptide in order to
introduce particuiar conformational motifs: 1,2,3 4-tetrabydroisoquinoiine-3-carboxylate
[Kammierski et al., J. Am Chem. Soc, 11%2275-2283 (199D)f (28,38)-methyl-
phenylalanine, (25,3R}-methyl-phenylalanine, (2R,38)-methyl-phenylatanine and (2R, 3R)-
methyl-phenylalanine [Kazmierski and Hroby, Temahedron Len., (1991} 2-
aminotetrahydronaphthalene-2-carboxylic zcid {Landis, Ph.D. Thesis, University of Arizona,
{1989)]; hydroxy-1,2,3,4-tetratrydroisoguinoline-3-carboxylate [Miyake of al., J. Takeda Res,
Labs,, 43:53-76 (1989)]; S-carboline (D and L) Kazmierskd, Ph.D. Thesis, University of
Arizona, (1988)]; HIC (histidine isoquinoline carboxylic acid) [Zeche! er al., Jnr. I Pep.
Prozein Res., 43 (1991)]; and HIC (histidine ¢yclic urea) (Dharaniprogada).

The folowing amino acid analogs and peptidomimetics may be incorporated into a peptide
10 induce or favor specific secondary structures: LL-Acp (L1.-3-amino-2-propenidone-6-
carboxylic acid), a f-tum inducing dipeptide analog (Kemp et al., J. Org. Chem., 50:3834-
5838 (1985)); B-sheet inducing analogs {Kemp ef al, Terrahedron Lent,, 29:5081-5082
(1988)]; B-turn inducing analogs [Kemp & al., Tetrahedron Letr., 29:5057-5060 (1988));
o -helix inducing anzlogs [Kemp et al., Tetrahedron Lett., 29:4935-4938 (1988)); y-rura
inducing anaiogs [Kemp ef al., J, Org. Chem., 54:109:115 {1989)]; and analogs provided by
the following references: Nagai and Sato, T etrahedron Lett., 26:647-650 (1985); DiMaio &
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al., J. Chem. Soc. Perkin Trans., p. 1687 (1989); also a Gly-Ala um analog [Kahn er al.,

Tetrahedron Lett., 30:2317 (1989)); amide bond isoswere [Jones er al., Tetrahedron Lesw.,-
20:3853.3856 (1088)); tretrazol [Zubrocki er af., J. Am. Chem. Sor., 110:5875-5880 (19881);

DTC [Samanen ef al., Jot. J. Protein Pep. Res., 35:501:509 (1950)]; and analogs taoght in

Olson ¢ al., J. Am. Chem. Sd., 112:323-333 (1990) and Garvey e al, J. Org. Chem.,

56:436 (1990). Conformationally restricted mimetics of beta wms and beta bulges, and

peptides containing them, are described in U.3. Patent No. 5,440,013, issued August 8, 995

to Kahn,

Protein derivatives, There are two major classes of peptide-carbohydrate Jinkages Lo proteins.
First, ether bonds join the serine or threonine hydroxyl to a hydroxyl of the sugar. Second,
amide bonds join glutamate or aspartate carboxyl groups to an amino group on the sugar.

Acetal and ketal bonds may also bind carbohydrate to peptide.

Generally, the TACI protein, or a fragment thereof, such as the N-terminal extraceilular
domain fragment or the C-terminal cytoplasmic CAML-binding domain fregment, may be
derivatized by the atachment of one or more chemical moisdes to the protein meiety.
Chemical modification of biologically active component or components may provide
additional advantages under certain circumstances, such as increasing the stability and
circulation time of the component or components and decreasing immunogenitity. See U.S.
Patent No, 4,179,337, Davis et al., issued December 18, 1979, For a ‘n:view, see
Abuchowski ef al., in Enzymes as Drugs [1.5. Holcesberg and 1. Roberts, eds. pp. 367-383
{(1981)]. A review article describing protein modification and fusion proteins is Francis,
Focis on Growth Factors, 3:4-10(1992), Mediscript: Mountview Court, Friem Bamnet Lang,
lLondon N20, OLD, UK.

The chemical moieties sultable for derivatization may be selected from amuang water soluble
and water insoluble palymers, with water soluble polymers preferred. The polymer selected
should preferably be water soluble'so that the component o which it is auached doss not
precipitate in an agueous environment, such as a physiclogica) environment. Preferably, for
therapeutic use of the end-product preparation, (he polymer will be pharmaceutically
acceptable. One skilled in the art will be able to select the desired polymer based on such
considerations as whether the polymer/component conjugate will be used :hciapeuﬁcally. and

if so, the desired dosage, circulation time, resistance to proteolysis, and other considerations.

-+
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For the present component 4f components, these may be ascertained using the assays provided

herein.

Labeled TAC proteins. The TACI protein of the present invention, end fragments thereof,
may be labeled. Suitable fabels include enzymes, fluorophores (e.g.. fiuorescence
isothiccyanate (FITC), phycoerythrin (PE), Texas red (TR), thodamine, free or chelated
lanthanide series salts, especially Ev’*, 1w name a few fluorophores). chromophores,
radioisotopes, chelating agents, dyes, collpidal gold, latex panicles, ligands (e.g-, biotin), and
chemiluminescent agens. When a control marker is employed, the same or different labels

may be used for the test sampie and contsol marker.

In the instance where a radioactive Iabel, such as the isotopes *H, "C, P, 8, *Cl, ¥Cr,
Tieo, ¥, FFe, MY, P, P, and ™Re are used, known currently available courting
procedures may be utilized. In the instance where the label is an enzyme, detection may be
accomplished by any of the presendly utilized calorimetric, specirophotometric,

flvotospectrophotametric, amperometric or gasometric techniques known in the ant,

Direct fabels are one example of labels which ;:an be used according to the present invention.
A direct label has been defined as an entity, which in its natural state, is readily visible, either
to the naked eye, or with the aid of an optical filter and/ar applied stimulation, e.g. UV,
light o promome fluorescence. Among examples of colared labels, which can be wsed
according to the pressnt invertion, include meallic sol particles, for example, gold sol
particles such as those described by Leuvering (U.S. Paent 4,313,734); dye sole particles
such as described by Gribnau et al. (U.S, Patent 4,373,932) and May et al. (WO 88/08334);
dyed latex such as described by May, supra, Snyder (EP-A 0 280 559 and 0 281 327} o
dyes encapulated in liposomes as described by Campbell e al, (U.S. Patent 4,703,017).
Other direct labels Include a radio nucleotide, a fiuorescent moiery or 2 luminescent meiety.
In addition to these direct lnbeling devices, indirect Iabels comprising enzymes can also be
vsed accardiné Lo the present invention. Various types of enzyme linked immunoassays are
well known in the at, for example, alkaline phosphatase and horseradish peroxidase,
lysozyma, glucose-6-phosphate-dehydropenase, lactate dehydrogenuse, urease, these and
others have been discussed in detail by Eva Engvall in Enzyme Immunoassay ELISA and
EMIT in Methods in Enzymology, 7(}:419»43§ (1980 and in U.S. Patent 4,857,453,
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Suitable enzymes include, but are not limited to, alkaline phosphatase and horseradish

peroxidase. - .

Other labels for use in the invention include magnetic beads or magnetic resonance imaging
labels,

In another embodiment, 2 phosphorylation site can be created on an antibody of the invention
for labeling with ®P, ¢.2., as described in Enropean Patent No. 0372707 (application No.
§6311108.8) by Pestka, or U.S, Patent No. 5,459,240, issued October 17, 1995 to Foxwell

ef al.

As exemplified herein, proteins, inchiding antibodies, can be iabeled by metabolic Iabeling.
Metabolic labeling oceurs during in virro incubation of the celis that express the protein in
the presence of eulture medium supplemented with 2 metabolic label, such as {*8}-methionine
or ["Pl-orthophosphate. In addition to metabolic (or biosynthetic) labeling with ™S]-
methionine, the invention further contemplates Jabeling with [*Cl-amiro acids and PH]-amino

aeids (with the tritiem substinsted at non-labile positions).

Chimeric TACI Proteins
A chimeric TACI'p'rulcin of the invention may be a protein that is generated by joining a
functional domain of a TAC! protein, such as the ligand binding domain or the
CAML-binding domain, with the complementary domain of another protein, e.g., an
alternative receptor. Chimeric copstructs can also be prepared with a functionally active
fragment of a TACI protein and another functionally active molecule, For example, the
extracellular domain of 3 TAC!I prowin may be joined o the Fo domain of an
immunogiobulin. Alternatively, the cytoplasmic domain of a TACI protein could be joined
to 2 receptor ligand, such as transfercin or a hormone, for intracellular targeting. In yet
anather embodiment, 2 TACT domain could be joined to anather targeting molecule, such as
an anti-“mmunoglobutin heavy chain or light chain molecule {e.g., 2n Fv porticn of an
antibody) to specifically target B cells. In sifll another embodimens, the functionally active
fragment of 2 TACI protein, preferably the N-lerminal extraceHular domain, can be joined
with a glycosylphospholipid, such 2s ghycosylphosphoinositol, anchor signal sequence,
preferably located at the C-ismninus of the TACH fragment, so thar a glycolipid anchored
protein Is penerated FCross, Anmu. Rev. Celf Biol., 6:1-39 (i990); Low, Biechem. 1., i“:b

-

TG



e
E

'.- :I

g

WO 58139361

i0

20

25

30

PCTHJSDEIMI?_D .

- !

25 ) co

13 (1987}

A chimeric TACI receptor can be prepared by joining the extraceliuiar domain of another
receptor molecule with a transmembrane domain and the intraczhular domain of a TACI
protein. In another embodiment, the extsacellular domain of TACI can be joined with 2
transmembrane domain and an intracelfular domain of another rectptor molecule.  The
transmembrane domain can be the transmembrane domain of a TACI protein, the
ransmembrane domain of the other receptor, or a different transmembrane domain.
Preferably, the transmermbtane domain is from the same protein compogent of the chimera
as the extracellnlar domain: Chimeric receptors have been described {international Patent
Publications WO96/23814: WO96/23881; and W0%6/24671]. Chimeric antigen recepiors
have been described [Capon e al., U.S. Patent No. 5,359,046, issued October 25, 19941,
including funciional antiger-specific receplors generated in B cells fSanchez er al., J, Exp.
Med., 178:1049-1055 (1993)} and T cells (Burkhardt et al., Mal, Cell. Biol., 14:1093-1103
(1994)] by fusing the iger and 128 signal transduction chains to IgM. Various type I and type
1 cyiokine receptors, including intecferon-m, inerferon-g, interferon-y, interleukin-1,
interleukin-2, imerleukin-3, Interleukin-d, interleukin-6, interieukin-8, interleukin-10,
fnterleukin-12, erythropoietin, granulocyte-macrophage colomy stimulating factor {CSF),
granuiocyte-CSF, macrophage-CSF, n-chemokine receptors, and B-chemokine receptors, can
provide complementary components in a chimeric receptor com}:ﬁsing 2 functionally active
fragment of 3 TACI protein. :

As those of ordinary skill in the art can appreciate, transmembrane domains are peneratly
functionally equivalent for apchoring a protein in a membrane. However, the presence of
specific amino acid residues ina transmembrane domain can affect receptor intezaction with,
e.5., dimerization, or association with other integral membrane proteins, such as in a muit-
protein receptor complex, Thus, selection of 2 transmembrane domain depends on whether

regulatory functions performed by the transmembrane domain are desired or necessary.

Nucleic Acids Encoding TACI FProteins
The present invention contemplates isolation of a gene encoding 2 TAC]I protein including a

full length, o naturally occurring form of TACT protetn, and any antigenic fragments thereof
from any animal, particularly mammalian and mere particutarly human, source. As used
herein, the term "gene” refers to an assembly of nucleotides that encode a polypeptide, and
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includzs ¢cDNA and penomic DNA nucleic acids,

In accordance with the present invention there may be employed conventional molecular
biolepy, micrabiology, and recombinant DNA techniques within the skill of the art, Such
techniques are explzined fully in the literature. See, e.g., Sambrook, Fritsch & Maniatis,
Molecular Cioning: A Laberatory Manugl, Second Edition (198%) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York (herein “Sambrook er al., 1969%); DNA
Claning: A Pracical Approach, Volumes I and I (R.N. Glover ed. 1985), Oligonucleotide
Synthesis (M.J. Gait ed. 1984); Nucleic Acid Hybridization [B,D. Hames & 5., Higgins eds,
(1985)); Transcription And Translation [B.D. Hames & S.J. Higgins, eds. (1984)}; Animal
Cell Cutrure [RJ1. Freshney, ed. (1586)); Jmmobilized Cetls And Enzymes {IRL Press,
(1586} B. Perbal, A Practical Guide T Molecular Cloning (1984); F.M. Ausubel et al.
(eds.), Current Protocols in Molecular Bislogy, John Wiley & Soas, Inc. ( 1994).

Therefore, if appearing herein, the following terms shall have the definitions set out below.

A "vector” is a replicon, such as plasmid, phage or cosmid, to which another DNA segment
may be attached s0 as to bring about the replication of the attached s=gment. A "replicon”
is any genetic element (e.g., plasmid, chromoseme, virus) that functions as an autonomous

unit of DNA replication int vivo, l.e., capable of replicaion under its own controi.

A "cassetta" refers to a sepment of DNA that can be inserted into a vector at specific
restriction sites. The segmznt of DNA encodes a polypeptide of interest, and the cassene and
restriction sites are designed 1o ensure insertion of the cassette in the proper reading frame

for mranseription and translation,

A cell has been "transfected” by exogenous or heterologeus DNA when such DNA has been
introduced inside the cgll. A cell has besn “transformed” by exopenous or heterologous DNA
when the transfected DNA effects a phenotypic change. Preferably, the transforming DNA
should be integrated (covalently inked) into chromesemal DNA making up the genome of
the cell.

"Heterologons” DNA refers to DNA ot naturally located in the cell, or in a chrotnosomal
site of the cell. Preferably, the heterologous DNA includes a gene foreign to the cell.

o
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A “pucieic acid molecule” refers 1o the phosphate ester polymeric form of ribonucleosides
{sdenosing, guancsine, uridine or cytidine; "RNA molecules™) or deoxyribonucleosides .
danyyadenoeine, decxyouanosine, deoxythymidine, or deoxyeytidias: "DNA molecules™),
or any phosphoester analogs thereof, such as phosphorethivates and thicesters, in cither single
stranded form, or a double-stranded heiix. Double stranded DNA-DNA, DNA-RNA and
RNA-RNA helices are possible. The tecm nucleic acid molecule, and in panticular DRA or
RNA moletule, refers only to the primary and secondary structure of the molecule, and does
not limit it to any particular testiasy forms, Thus, this term includes double-stranded DNA
found, inter aiia, in linsar or circular DNA molecules (e.g., restriction fragments), plasmids,
and chromosomes. In discussing the structure of particular double-stranded DNA molecules,
sequences may be deseribed herein according to the normal cooveation of giving only the
sequence in the 5' 1o 3' direction along the nen-transcribed strand of DNA (i.e., the sirand
having a sequencs hamologous to the mRNAL A *recombinant DNA molecule” is a3 DNA

molecule that has undergone a molecular biclogical manipulation.

A nucleic acid molecule is *hybridizable” to another nucleic acid molecule, such as a cDNA,
genomic DNA, or RNA, when a single stranded form af the nucleic acid molecule can anneal
to the other nucleic acid molecule under the appropriate conditions of temperature and,
solution ionic strength (se¢ Sambrook et al., supra). The conditions of temperature and ionic
strength determine the “stringency” of the hybridization. For preliminary screening for
homologeus nucleic acids, low stringency hybridization conditions, corresponding to 2 T, of
55% can be used, e.g., 5k 8SC, 0.1% SDS, 0.25% milk, and no formamide; or 30%
formamide, 5% 5SC, 0.5% SDS. Moderate srinpeacy hybridization conditions correspond
to a higher To,, e.g., 40% formarnide, with 5x or 6x SCC. High stringency hybridization
conditions correspond to the highest T, e, g...SB% formamide, 5x or 6x SCC. Hybridization
requires that the two mcleic acids contmin complementary sequences, although depending on
the stringency of the hybridization, mismatches between bases are possible. The appropriate
stringency for hybridizing nucleic acids depends on the length of the nucteic acids and the
depree of complementation, variables well known in the art. The preater the degree of
similarity or homology betwesn two nucleolide sequences, the greater the value of T, for
hybrids of nucleic acids having those sequences. The relative stability {corresponding to
higher T.) of mucleic acid hybridizations decreases in the following order: RNA:RNA,
DNA:RNA, DNA:DNA. For hybrids of greater than 100 nucieqtides in length, equations
for calculating T, have been derived (sez Sambrook et al., supra, 9.50-0.51). For
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hybridization with sherter nucleic acids, ie., oligonuclzotides, the position of mismatches
becomes more important, and the length of the oligonucleotide determines its specificity (sf_;e .
Sambrook et al., sugrs, 11.7-11,8). A minimun lenath for 2 hybridizable nucleic acid is at
least 10 nucleotides; preferably ar least 18 nucleotides; more preferably the length is at least
24 mucleolides and most preferably at least 30 sucleotides in length. 1o a2 specific
embodiment, a hybﬁdimb!c-nudsic acid of the invention has a sequance corresponding te at
least 12 mucleotides, preferably at least 18 mucleatides, more preferably at least 24
nucleotides, and most preferably at least 30 nucleotides in length of SEQ 1D NO:1, or more

specifically the coding sequence of SEQ D NO:1. ’

In a specific embodiment, the term “standard hybridization conditions” vefers o a T, of
55°C, and utilizes conditions as set forth above. In a preferred embodiment, the T, is 60°C;

in a more preferred embodiment, the T, is 65°C.

As used herein, the term “oligonucientide” refers to a pucleic acid, generally of a1 leass 18
nucleotides, that is hybridizable to a genomic DNA molecule, 2 cDNA molecule, or an
mRNA molecule encoding & TACI protein. Oligonucleotides can be labeled, e.2., with =p.
nucleatides 01: pucleotides 1o which a label, such as biotin, has been covalently conjugated
{see the discussion, supra, with respect to labeling TACI polypeptidss). Tn one embodiment,
a labeled ofigonucleotide can be used as 3 probe to detect the presence of a nucleic acid
encoding 2 TACI protein. In another embodiment, oligonucieotides {one or both of which
may be labeled) can be used as PCR primers, either for cloning full lenglh or a fragment of
a TACI protein, or to detest the presence of micleic acids encoding a TACT prowein. Ina
further embodimen, an oliponucieotide of the inverntion can form a triple helix with 2 TACI
DNA molecule. Generally, oliponucieotides are prepared synthetically, preferably on a
nucleic acid synthesizer, Accordingly, oligonucleatides can be prepared with non-paturaily
occurring phosphoester analog bonds, such as thivester bonds, etc.

*Homolegous recombination” refers to the insertion of a forelgn DNA sequence of 2 vertor
in o chromosome, Preferably, the vector largets a specific chromosomal site for homologous
recombination. For specific homologous recombiration, the vector wiil contain sufficiently
long regions of homology to sequences of the chromosome to allow complementary binding
and incarporzition of the vector into the chromosome. Longer regions of homology, and

greatsr degrees of sequence similarity, may incresse the efficiency of homologous
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recombination.

A DNA "coding sequence” is 2 double-stranded DNA sequence which s rranserihed and
transhated into a polypeptide in a cell in virro or in vivo when placed under the control of
appropriate regulatory sequences. The boundaries of the eoding sequence are detzrmined by
a start cadon at the 5' {aming} terminus and 2 translation stop codon at the 3° {carboxyl)
terminus. A coding sequeace can include, but is not limited to, prokaryotic sequences, cDNA
from eukaryotic mRNA, genoric DNA sequences from eukaryotic (¢.g., mammalian) DNA,
and even synthetic DNA sequences, If the coding sequence is intended for expression in 2
eukaryotic cell, a polyadenylation signal and transeription termination sequence will usually
be located 3 to the coding sequence, In a specific embodiment, a TACT coding sequence of
the invention has the nucleotide sequénce depicted in SEQ ID NO:1L

Traascriptional and trapslational controi sequences are DNA regulatory sequences, such as
promoters, enhancers, terminators, and the like, that provids for the expression of a coding

sequence in a host cell. In eukaryotic cells, polyadenylation signals are control seguences.

A "promoter sequence” is a DNA regulatory region mpab.le of binding RNA polymerase in
a cell and initiating transeription of a downsiream (3' direction) coding sequence. For
purposes of defining the present invention, the promoter sequence is bounded at its 3°
termimus by the transcription initiation site and extends upstream (3 direction) 1o include the
miniroum mumber of bases or elements necessary 1o initiate wranseription at levels detectable
above background. Within the promoter sequence wili be found a wanscription initistion site
(conveniently defined for example, by mapping with miclease $1), a3 well as protein binding
domains (consensus sequences) responsible for the binding of RNA polymerase,

A coding sequente is "undef the control® of transeriptional and transtational control sequences
in a cell when RNA polymerase transcribes the coding sequence into mRNA, which is then
trans-RNA spliced and transtated into the protein encoded by the coding sequence.

A “signal sequence® may be inchuded at the beginning of the coding sequence of 2 proiein te
be expressed on the surface of a cell. This sequence encodes a signal peptide, N-terminal to
the Tnature polypeptide, that directs the host cell to wanslocate the potypeptide. The term

"wransfocation signal sequence” is used herein to refer to this sort of signal sequence.

WO 98/39361 PCT/USIRAITN. .

-

I

> X

TN

a



WO 98139361

10

13

w0

30

30 T T
Translocation signal sequences can be found associated with a variety of proteins native to
eukaryotes and prokaryotes, and are often -functional in both types of. organisms..
Interestingly, the TACT of the inventicn ik transperted so that the N-terminus is extacellilar
in the ahsence of a cleaved signal sequence. Thus, this transmembrane protein is a type 11
transmembrane protein [see Wilson-Rawls e al., Viralogy, 201:66-76 (1934)]. Thus, ina
construct of the present inveation {incleding a chimeric construct as discussed above), if the
N-terminal portion of the construct encodes the N-terminus of TAC, a signal peptide may

not be required to obtain expression of the transmembrane TACT protein.

As used hereln, the term “sequence homology” in all its grammatical forms refers to the
relationship between proteins that possess a “common evolutionary origin,” including proieing
from superfamilies (e.g., the immunoglebulin superfamily) and homolegous proteins from
different species {e.g., myosin light chain, ete.) [Reeck er al,, Cell, 5&:667 (1987, The
present invention naturally contemplates homologues of the human TACI protein as falling

within the scope of the invention.

Accordingly, the term "sequence similarity” in all its grammatical forms refers to the degree
of identity or corzespondsnue between nutlele acid or amino acid sequences whether or ot
they share a common evolutionary origin (sze Reeck ef al., supra), In commoon usage, the
term “homologous,” when modified with an adverb such as “highly, ” may refer 1o sequence

similarity and not 2 commen evolutionary origin.

In a specific embodiment, two DNA sequences are "substantially homologous™ or
*substantiaily similar” when at least about 50% (preferably at least about 75%, and most
preferably at least about 90 or 95%) of the nucieotides match over the defined length of the
DNA sequences. Sequences that are substantially homologous can be identified by comparing
the sequentes using standard software availeble in sequence data banks, of in a Southern
hybridization experiment under, for example, stringent conditions as defined for that
particular system. Defining appropriate hybridization conditions is within the skilt of the art.
See, e.p., Maniatis er af, supra; DNA Cloning, Vols. 1 & N, supra; Nucleic Acid
Hybridization, supra. The present invention contemplates nucleotides that are 50% similar
1o SEQ ID NO:1 (or its complementary sequence), preferably 60% similar, and more

preferably 75% similar. Preferably such substantially similar nucleic acids are homologous.
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Similarly, in a particular embodiment, two amino arid sequences are "substantially
homologous® or "substantially similar” when greater than 30% of the amino acids are-
ideatical, or graater than about 0% are similar (functionally identical). Preferably, the
similar or homologous sequences are identified by aligmment using, for example, the GCG
{Genefics Computer Group, Program Mamual for the GCG Package, Version 7. Madison,

Wisconsin) pileup program.

The term “corresponding to” is used hercin to refer similar or homologous sequences,
whether the exact position is identical or different from the molecule 1o which the similarity
or homology is measured. Thus, the term “eorresponding to” refers to the sequence

similarity, and not the sumbering of the amino acid residues or nucieoride bases.,

A gene encoding 2 TACH protein, whether genomic DNA or cDNA, can be izolared from any
source, particularly from a human cDNA or genomic Hbrary. Methods for obtaining TACI
protein gens are well known in the art, as deseribed above {see, e.g., Sambrook er al., 1989,

supra).

Accordingly, any animal celt potentially car serve as the nucleic acid source for the sholecular
cloning of & TACT protein gene. The DNA may be obained by standard procedures known
in the art from cloned DNA (2.g., a DNA "library"™), and preferably is olitained from a
¢DNA library prepared from tissues with high level expression of the protein (e.g., & thymic
cDNA library, since peripheral blood celis and in particular lymphacyte cells, appear to have
the highest levels of expression of TACE prozein), hy chemical synthesis, by CDNA cloning,
or by the cloning of genomic DNA, or fragmesnts thereof, purified from the desired cell (See,
for example, Sambrook er al., 1989, supra; Glover, .M. {ed.), 1985, DNA Cloning: A
Practical Approach, MRL Press, Lid., Oxford, U.K. Vol I. ). Clones derived from
genomic DNA may contain regulatory and intron DNA regions in addition to coding regions;
clones derived from cDNA will not contain intran sequences, Whatever the source, the gens

should be molecularly cloned into 2 suitable vector for propagation of the gere.

In the molecular cloning of the gene from genomic DNA, DNA fragments are generated,
some of which will encode the desired gene. The DNA may be cleaved at specific sites using
various restriction enzymes. Altemmatively, one may use DNAse in the presence of

manganese to fragment the DNA, or the DNA can be physicaily sheared, as for example, by
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sonication. The Jinear DNA fragments can then be separated according to size by standard
technigues, including but not limited to, agarose-and polyacrylamide gel electrophoresis and .

cotumn chromatography.

Once the DNA fragments are generated, identification of the specific DNA fragment
containing the desired TACT protein gene may be accomplished in a number of ways. For
sxample, 2 portion of a TACI protein gene or its specific RNA, or a fragment thereof, can
be purified and labeled, the generated DNA fragments may then be scregned by nucleic scid
hybridization to the labeled probe [Beaton and Davis, Science, 196:180 (1977)); [Grunstein
and Hopness, Proc. Nal. Acad. Sci. U.S A, 72:3961 (1975)). For example, a set of
oligormclieatides corresponding to the partial amino acid sequence information obtained for
the TACH proiein can he prepared and used as probes for DNA encoding a TACT pratein, or
a5 primers for cDNA or MRNA {e.g., in combination with 2 poly-T primer for RT-PCR}.
Preferably, a fragment is selected that s highly unique o the TACT protein of the invention.
Those DNA fragments with substantial homelogy to the probe will hybridize. As noted
above, the greater the degree of homolagy, the more stringent hybridization conditions can
be used. In a specific embodiment, stringency hybridization conditions are used to identify

a homologous TACT protein gene.

Fusther selection can be carried out on the basis of the propesties of the gene, e.g., if the
gene encodes a protein product having the isoelectric, electophoretic, amino acid
composition, ot partial amino acid sequence of the TACI protein as disclosed herein. Thus,
the presence of the ge'nc may be detected by assays based on the physical, chemical, or
immmmnological properties of its expressed product. For example, tDNA cloaes, or DNA
clomes which hybrid-sefect the proper mRNAs, can be sclected which produce a protein that,
e.g., has simiiar or identical clectrophoretic migration, isoelectric focusing or non-equilibrium
pH gel electrophoresis bebavior, proteolytic digestion maps, of antigenic praperties as dmown
for TACT protein.

A TAC! protein gene of the invention can also be identified by mRNA -sclection. e, by
nucleic acid hybridization followed by in vitro translation. In this pracedure, muclectide
fragments are used to isolate complementary mRNAs by hybridization. Such DNA fragments
ruay represent available, purified TACT protein DNA, or may be synthetic oligonucieotides
dasigned from the panial amino acid sequence informarion. !mmunoprecipitation anatysis or
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functional assays (.., CAML binding activity) of the in vitre translation products of the
products of the isolated mRNAs identifies the - mRNA and, therefore, the complementary .
DMA fragments, that contain the desired sequences, in addition, specific mRNAs may be
selecied by adsorpiion of polysomes isolated from cells to immobilized antibodies specifically
divected against TACI protein, such as the rabbit polyclonnl anti-human TACI protein
antibody described herein.

A radiolabeled TACT protein tDNA can be synthesized using the selected mRNA (from the
adsorbed polysomes) as a template. The radiolabeled mRNA or cDNA may then be used as
3 probe to identify homologous TACT protein DNA frapruents from among other genomic
DNA fragments.

The present invention 2lso retates to cloning vectors con'zining genes encading analogs and
derivatives of the TACE protein of the invention, that have the $ame or homoalogous functional
activity as TACI protein, and homologs thereof from other species. The production and vse
of derivatives and analogs related to TACI protein are within the scope of the present
invention. In a specific embodiment, the derivative or analog is functionally active, ie.,
capable of exhibiting one of more functional activities associated with a full-length, wild-type
TACI protein of the invention. In another embodiment, TACI protein containing a differsnt
cytoplasmic domain, €.2., one unable to bind CAML but still able to modulate the activation
of AP-1. In another aspect, a TACI protein of the invention can be prepared with 2 Jectin
dornzin or domains from another protein, such as the mannose receplor of macrophages or

the phospholipase receptor on muscle.

TACI protein derivatives can be made by altering eccoding mucleic acid sequences by
substitutions, additions or deletions that provide for functionally equivalent molecules.
Preferably, derivatives are made that have enhanced or increased fenctional activity telative
10 native TACI protein. Alematively, suth derivatives may encode soluble fragments of
TACT protein extraceliular domain that have the same or greater affinity for the natural ligand
of TACI protein of the invention. Such seluble derivatives may be potent inhibitors of ligand
binding to TACI protein.

Due 1o the degeneracy of nucleotide coding sequences, other DNA sequences which encode

substantially the same amine ocid sequencs as a TACT protein gene muy be used in the
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practice of the present invention. These inclede but are not limited to allelic genes,

homolopous genes from other species, and nucleatide sequences comprising all or portions .

of TAC! protein genes which are altersd by the substinizion of different codons that encode
the same smino acid residue within the sequence, thus producing a silent ¢hange, Likewise,
the TACI protein derivatives of the invention include, but are aot limited g, those containing,
as a primary amino acid scquence, all or part of the amino acid sequence of a TACI protein
including altered sequences in which functionally equivalent amino acid residues are
substituted for residues within the sequence resulting in a conservative amino acid

substitution. And thus, such a substitution is defined as 2 conservative substitution.

For example, one or more amino acid residues within the sequence can be substituted by
another amino acid of 2 similar polarity, which acts as a functional equivalert, resulting in
1 silent alteration. Substitutes for an amino acid within the sequence may be selected from
other members of the class 1o which the amino acid helomgs. For example, the non-polar
{hydrophobic) amino acids include alanine, leucine, isoleucine, valine, proline, phenylalanine,
tryptophan and methionine, ~Amino acids contzining aromatic ring structures are
phenylalanine, tryptopban, and tyrosine. The polar nentral amino acids include glycine,
serine, threoning, cysseinvc. tyrosing, asparagine, and glwtamine. The positively charged
{basic) amino acids include arginine, lysine and histidine. The negatively charged (acidic)
amino acids include aspartic acid znd glutamic acid. Such slierations will not be expecied to
affect apparent molecular weight as determined by polyacrylamide gel clectrophoresis, or

isoelestric point.

Particularly preferred substitutions are:

- Lys for Arg and vice versa such that a positive charge may be mzintained;
- Glu for Asp and vice versa such that a negative charge may be maintained;
- Ser for ‘Thr such that a free -OH can be maintained; and

- Gln for Asn such that a free N, can be maintained.

Amino zcid subsdtutions may also be introduced to substitute an amino acid with a
particularly preferable property. Far example, 2 Cys may be introduced at 3 potential site
for disulfide bridges with another Cys. A His may be introduced as a particulacly "catalytic”
site {i.e., His can ac! as an acid or base and is the most common amine acid in biochemical

catalysis). Pro may be introduced because of its particularly planar structure, which induces
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f-taras in the protein's struciure.
The genes enceding TACT protein derivatives and apaloge nf the invention can be produced

by various methods knows in the art. The manipulatons which result in their prodiction can
occur at the gene or protein level. For example, the cloned TACI pratein gene sequence can
be modified by any of numerous sirategies kmown in the art (Sambrook er al., 1389, supra).
The sequence can be cleaved at appropriate sites with restriction endonuclease(s), followed
by further enzymatic modification if desired, Isofated, and ligazed in vitrp. In the production
of the gene encoding a derivative or analog of TACI protein, care should be waken 10 ensure
that the modified gens remains within the same transiational reading frame s the TACI
protein gene, uminterrupted by translational stop signals, in the gens region where the desired

setivity is encoded.

Additionally, the TACI protein-encoding nusieic acid sequence can be mutated in vitro or in
vive, to create andfor destroy transiation, initiation, and/or termination sequences, or lo create
variations in coding regions and/or form new restriction endonuclease sites or destroy
preexisting ones, to facilitate further in virro modification. Preferably, such mutations
enhance the functional activity of the mtated TACI protein gens produét. Any technique for
mutagenesis known in the art can be used, including but ot limited to, in vitro site-directed

' mummgenesis [Hurchinson, C., et al., J. Biol. Chem., 253:6551 (1978)); [Zoller and Smith,
DNA, 3:479-488 (1984)); [Oliphant er al., Gene, 4:177 (1986)]; {Hutchinson & al., Proc.
Natl, Acad. Sei. U.S.A., B3:T10 (1986)], use of TAB® linkers (Pharmacia}, eic. PCR
technigues are preferred for site directed mutagenesis (see Higuchi, *Using PCR to Engincer
DNA", in PCR Technology: Principles and Applications for DNA Amplificaiion, H. Exlich,
ed., Stockton Press, Chapter 6, pp. 61-70 (1589}).

The identified and isolated gens can thes be inserted izo an appropriate cloning veslor. A
large sumber of vecter-host systems known in the art may be used. Possible vectors include,
but are not Hmited to, plasmids or modified viruses, but the vector system must be compatible
with the host cell vsed, Examples of vestors include, but are not fimited to, £. colf,
bacteriophages such as lambda derivatives, or plasmids such as pBR322 derivatives ar pUC
plasmid derivatives, e.g., pOEX vectors, pmal-c, pFLAG, etc. The insertion inw 2 cloning
veetor ¢an, for example, be accomplished by ligating the DNA fragmnnf into a cloning vector

which has complementary cohesive termini. However, if the complementary restriction sites
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used to fragment the DNA are not present in the cloning veclor, the ends of the DNA

molecules may be enzymatically modified. Aliernatively, any site desired may be produced |

by Haating nuctentide sequences (linkers) onto the DNA termini; these ligated linkers may
comprise specific chemically synthesized cligonucleotides encoding restricion endonuclease
recognition sequences.  Recombinant molecules can be introduced into host cells via
\ransformation, transfection, infection, electroporation, etc., so that many copies of the gene
sequence are generated, Preferably, the cloned gene is contained on a shuttle vector plasmid,
which provides for expansion in 2 cloning celf, e.g., £. colf, and facite purification for
subsequent insertion inlo an appropriste expression cell line, if such is desired. For example,
a shuttle vector, which is a vector that can replicate in more than one type of erganism, can
be prepared for replication in both E. coli and Saccharomyces cerevisine by linking sequences

from an E, coli plasmid with sequences from the yeasi 2 plasmid.
In an alternative methed, the desired gene may be identified and isolated after insection into
a suitable cloning vector in a “shot gun” approach. Enrichment for the desired gene, for

example, by size fractionation, can be done before insertion into tbe cloning vector.

Expression of Transmembrane Activator sod CAML Interactor Polypentides

The nucleatide sequence coding for the TACT protein, or antigenic fragment, derivative or
analog thereof, or a functionally active derivative, including 3 chimerie protein, theresf, can
be inserted into an appropriate expression veclor, i.e., 4 vecior which contains the necessary
elements for the transcription and translation of the inserted protein-toding sequence. Such
elements are termed herein a “promoter.” Thus, the nucleic acid encoding the TACI protein
of the present invention is operationally associated with a promater in an expression vacior
of the inventon. Both cDNA and genomic sequences can be cloned and expressed under
cantrol of such regulatory seguences.  An expression vector also prefersbly includes 2

replication ofigin.

The nesessary transcriptional and wanskatonal signals cap be provided on a recombinant
expression vector, or they may be suppiied by the native gene encoding a TACI protein
andfor its flanking regions,

As pointed out above, potential chimeric panners for TACI protein include those having lectin

domains, either from naturally occurring muitivatent lectin receptors, such as mannose
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seceptor of macrophages, natural lectins, or ather sources, Or a substitute cyoplasmic domain,

capable of mediating signal transduction or modifying the endocytic procassing.

Potential host-vector systems include but are not limited to mammalian cell systems infected
with virus (2.g., vaccinia virus, ad=novirus, etc.); insect cell systems infected with vimus
{e.g., baculoviras), microorganisms such as yeast containing yeast vectors; of bacteria
transformed with bacteriophage, DNA, plasmid DNA, or cosmid DNA.  The expression
elements of vectors vary in their strengths and specificities. Depending on the host-vecior
system utilized, any one of a number of suitable lrnﬁscripliou and transiation clements may
be nsed.

A recombinanl TACH protein of the invention, or functional fragment, derivative, chimeric
construct, or analog thereof, may be expressed chromosomally, afier integration of the coding
sequence by recombination. In this regard, any of a number of amplification systems may

be used to achieve high levels of stable gene expression (See Sambrook ef al., 1989, supra}.

The cell containing the recombinant vector comprising the mcleic acid encoding a TAC]
protein is culmred in an appropriate cell culmre medium under conditions that provide for

expression of TACI protein by the cell,

Any of the methods previously described for the insertion of DNA fragments into a cloning
vector may be used to construct expression veciors comaining a gene consisting of appropriate
tranzeriptional/transfational contro] signals and the protein coding seguences. These methods
may include in viro recombinant DNA and sythetic techniques and in vive recombination

(genztic recombination).

Expression of TACI protein may bz controlled by any promoter/enhancer element known in
the art, but these regulatary elements must be functional in the host selected for expression.
Prometers which may be used to control TACI protin gene expression include, byt are not
limited to, the SV40 early promoter region [Benoist and Chambon, Nature, 290:304-310
(1981)], the promoter contained in the 3' long terminal repeat of Rous sarcoma virus
[Yzmamoto, et al., Cell, 22:787-797 (1980}, the herpes thymidine kinase promoter [Wagner
er al., Proc. Natl. Acad. Sci. U.5.4., 78:1441-1445 (1981)}, the regulatory sequences of the
me;alic;:uﬁonein gene [Brinster ef al., Nature, 206:39-42 {1982)]; prokaryotic expression
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vectors such zs the f-lactamase promoter [Villa-Kamaroff, er al., Proc. Natl. Acad. Sci.
U.5.A., 75:3727-3731 (1978)], or the tac premoter [DeBocr, et ol., Proc. Noth Acad. Sci.-
11.5.4., 80:21-25 (1983}]; see also "Useful proteins from recombinant bacteria® in Scientific
American, 242:74-94 (1580); promoter elements from yeast or other fungi such as the Gal
4 promoter, the ADC (alcohol debydrogenase} promoter, PGK (phosphoglycerol kinase}
promater, alkaline phosphatase promoter; and the animal transcriptional conrol regions,
which exhibit tissue specificity and have besn wtilized in transgenic animals: elastase [ gene
control region which is active in pancreatic acinar cells [Swift et al,, Celi, 38:639-646
(1984)%; [Omitz e al., Cold Spring Harbor Symp. Quant. Biol., 50:399-409 (1986}
fMacDonald, Hepatology, 7:425-515 (1987)); insulin gene contro} region which is active in
pancreatic beta cells [Hanahan, Nature, 315:115-122 (1985)], immunoglobulin gene control
region which is active in Iymphnid-cei]s [Grossched] er al., Cell, 38:647-658 (1984)];
{Adames e af., Nature, 318:523-538 (1985)) fAlexander er al., Mol. Cell. Bicl, 7:1436-
1444 (1987)], mouse mammary fumor virus control region which 5 actdve in testicular,
breast, lymphoid and mast cells {Leder et al., Cell, 45:485-495 {1986)], albumin gene control
region which is active in liver [Pinkert ef af,, Genes and Devel,, 1:268-276 {1987}, alpha-
fetopratein pene control region which is active in liver [Krumlauf er al.,, Mol. Cell. Biol.,
5:1639-1648 (1985)]; (Hammer ez al., Science, 235:53-58 (1987)], alpha 1-anditrypsin gane
control region which ks active in the liver [Kelsey er al,, Genes and Devel., 1:161-17%
{1987)], beta-globin gene control region which is active in myeloid cells [Mogram er af
Nature, 315:338-340 (1985)}; [Kollias er @b, Cell, 46:83-54 (1986}], myelin basic protein
gene contral region which is active In oligodendrocyte calls in the brain [Readhead ef af.,
Celf, 48:703-712 (1987)], myosin light chain-2 gene control region which is active in skeletal
muscle [Sani, Narure, 314:283-286 (1945}, and gonadotropic releasing hormone gene control
region which is active in the hypothatamus [Mason ef al., Sdience, 234:1372-1378 {1986)].

Expression vectors containing a nucleic acid encoding a TACI protein of the fnveation can
be identified by four general approaches: (3) PCR amplification of the desired plasmid DNA
or specific mRINA, (b) nucleic acid hybridization, {c} presence or absence of selection marker
gene functions, and (d) expression of inserted sequences. In the first approach, the nucieic
acids can be amplified by PCR o provide for detection of the amplified product. In the
second appronch, the prescace of a foreign gene inserted in an expression vector can be
detected by nucleic acid hybridization using probes comprising sequences that are homologous

to ant inserted marker gens, In the third approach, the recombinant vector/host system can
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te identified and selected based upon the presence or absence of cenain “selection marker”
gene functions (e.g., f-galactosidase activity, thymidine kinasc activity, resistance to-
antibintice, transformation phenotype, occlusion hody formation in baenlavims, etc.} caused
by the insertion of foreign genes in the vector, In znother exampie, if the nucleic acid

5 encoding 2 TACI protein is inserted within the “selection marker” gene sequence of the
vector, recombinants containing the TACI protein insert can be identifizd by the absence of |
the TACI protein gene function. In the fourth approach, recombinam: expression veclors can
be identified by assaying for the activity, biochemical, or immunological characteristics of the
pene product expressed by the recombinant, provided that the expressed protein assumes a

‘ X 10 functionally active conformation.
1

”

A wide variety of host/expression veetor cambinations may be employed in expressing the
DNA sequences of this invention. Useful expression vectors, for example, may consist of
sepments of chromosomal, non-chremosomal and synthetic DNA sequences. Suftable vectors

15 include derivatives of SV40 and known bacterial plasmids, e.g., E. cofi plasmids col El,
pCRI, pBR322, pMal-C2, pET, pGEX (Smith et al., Gene, 67:31-40 (1988)], pMBS and
their derivatives, plasmids such as RP4; phage DNAS, e.g., tbe numerous derivalives of
phage X, e.g., NMY89, and other phage DNA, e.g.. M13 and filamentous single stranded
phage DNA; yeast plasmids such as the 2p plasmid or derivatives thereof: vectors useful in

20 eukaryotic cells, such as vectors useful in insect or mammalian cells; vectors derived from
combinations of plasmids and phage DNAS, such as plasmids that have been modified to
employ phage DNA or other expression control sequences; and the Jike.

For example, in a bacalovirus expression systems, both non-fusion transfer vectors, such as
25  hus not limited 1o pVL941 (BamH1 cloning site; Summers}), pYL1393 (BamB1, Smal, X2al,
EcoR1, Nedl, Xmalll, Bgilt, and Psi cloning site; Invisrogen), pVE1392 (BglIl, Pstl, Noti, -
Xmalll, EcoRl, Xbal, Smal, and BamH1 cloning site; Summers 2nd Invitrogen), and
pBlueBacll (Rami1, Bglll, Psil, Neol, and Hindll cloning site, with biue/white recombinant
streening possible; Invitrogen), and fusion transfer vectors, such as byt not limited w© pAc70C

30 (BamH1 dnd Kpnl cloning site, in which the BamH1 recognition site begins with the initjation
codon: Summers), pAc701 and pA¢702 {same as pAcTO0, with different reading frames),
PAC360 (BamH1 cloning site 36 base pairs downstream of a polykedrin initiation codon;
Invitrogen(155)), and pBlueBacHisA, B, C (three different reading frames, with BamH1,
Beim, Psil, Neol, and HindD cloning site, an N-terminal peptide for ProBond purification,

TET
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and blue/white recombinant screening of plagues; Invitrogen (220)) can be used.

ianimalian expression vesiors contemplated for uce in the Invention include vectors with
indusible promoters, such as the dihydrofolate reductase (DHER) promoter, ¢.g., any
expression vectar with a DHFR expression vector, or a DHFR/methotrexate co-amplification
veetor, such as pED (Putl, Sall, Shal, Smal, and EcoRl cloning site, with the vector
expressing both the cloned gene and DHFR; sez Kaufman, Current Protocols in Molecular
Biology, 16.12 (1591). Alternatively, & glutamine synthetase/methionine sulfoximine co-
amphification vertor, such as pEE14 (Hindlll, Xbal, Smal, Shal, EcoRl, and Bell cloning site,
in which the vector expresses glutamine synthase and the cloned gens; Celltech). In znother
ernbodiment, a vector that directs episomal expression under control of Epstein Barr Virus
{(EBV) can be used, such as pREP4 {BamH 1, SfI, Xhol, Notl, Nhel, Hindill, Nhel, Pyull,
and Kpnl cloning site, constitutive RSV-LTR prometer, hygromyein selectable marker;
Invitrogen), pCEP4 (BamH1, Sfil, Xitol, Notl, Nhel, Hindtll, Nhel, Pvall, and Kpnl cloping
site, constimtive hCMV immediate early gene, hygromycin selectable marker; Invitrogen),
pMEP4 (Kpni, Pwil, Nhel, Hindll, Not, Xhot, Sfil, BamH1 cloning site, inducible
metaliothionein [Ta pene promoter, hygromycin selectable marker; Invitrogen), pREP8
(BamH}, Xhol, Noil, Hindllk, Nhel, and Kpnl cloning site, RSV-LTR promoter, histidinol
selectable marker: Invitrogen), pREPS (Kpnl, Nhel, Hinglll, Noil, Xhaot, Sfil, and Bamtll
cloning site, RSV-LTR promoter, G418 selectable marker; Invitrogen), and pEBVHIs (RSV-
LTR promoter, hygromycin selectzble marker, N-terminal peptide purifizble via ProBond
resin and cleaved by enterokinase; Invitrogen). Selectable mammalian expression vectors for
use in the inventicn include pRe/CMY {HindT, BstX1, Notl, Sbal, and Apal clonig site,
(418 selection; Invirogen), pRe/RSY (Hindlll, Spel, BseX1, N, Xbal cloning site, G418
selection; Tnvitrogen), and others. Vaccinia virus mammalian expression vectors {see,
Kazufman, 1951, supra) for uge according tw the invention inctude but are not limited to
pSC11 {Smal cloning site, TO- and B-gal selection), pMIGOL (Safl, Smal, AfTL, Nevl, Bsplv}]].
BamH1, Apal, Nhel, Sacl, Kprl, and Hind!Tt tloning site; TK- and §-gal selection), and
p‘I‘KgptFI§ (EcoRl, Pstl, SaIl,' Accl, Hindll, Shal, RamiHl, and Hpa cloning site, TK or
XPRT selection).

Yeast expression systems can also be used according to the mvention to express the TACI
pmteixi. For example, the pon-fusion pYES? vector (Xbal, Sphl, Shol, Noil, GsiX3, EcoRl,
BsiXl, BamH1, Sach, Kpnl, and Hindlll cloning sit; Invitrogen) or the fusion pYESHisA, B,
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C (Xbal, Sphl, Shol, Nol, BstXI, EcoRS, BamHi, Sacl, Kpni, and Hindl cloning site, N~
terminal peptide purified with ProBond resin and cleaved with enterokinase; Invitrogen), to -

miention just two, can be employed according to the invention.

Once a particular recombinant DPNA molecule is identified and isolated, several methods
known in the art may be used o propagate it Once a suitable host system and growth
conditions are established, recombinant expression veclors can be propagated and prepared
in quantity. As previously explained, the expression vectors which can be used include, but
are not limited to, the t:ollawing vectors or their desivatives: humun or animal vireses such
as vaccinia virus or adenovirus; insect viruses such as baculovirus;, yeast vectors;
bacteriophage vectors (¢.g., lambda), and plasmid and cosmid DNA vectors, to name but 2

few.

In addition, & host cell strain may be chosen which modulates the expression of the inserted
szguences, or madifies and processes the gene product in the specific fashion desived.
Different host cells have characteristic and specific mechanisms for the transtational and post-
transtational processing and modificaton (e.g., glycosylation, cleavage e.g., of signal
sequence) of proseins, Appropriate cell fines or host systems can be chosen (o ensure: the
desired modification and processing of the foreign protcin expressed.  For example,
exprcssicn.i:'; a bacterial sys‘;tcm can be used 10 produce an non-glycosylated core protein

product,

Vectors are introduced into the desired host cells by methods known in the af, e.g.,
transfection, electroporation, micro injection, wransduction, cell fusion, DEAE dexiran,
calcium phosphate precipitation, lipofection (fysosome fusion), use of a gene gun, or 3 DNA
vector transparter (see, e.g., Wu ef al, J. Biol. Chem., 267:963-967 (1992); Wu and Wy,
1. Biol. Chen.. 263:14621-14624 (1988); Hartmut et al., Canadiza Patent Application No.
2,012,311, filed March 15, 1990).

Gene Therapy snd Transgenic Veclors
A genetic deficiency of a TACT proteia can be ane of the many fectors invelved in inherited
immunodeficiency. The present invention inchudes gene therapy with the TACT prozein cDNA
that restores normal lymphocyte function in patients having a genetic defect -in the
Transmembrane Activator and CAML Interactor protein gene, The present inveation also
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includes modified forms of TACI 10 be used as gene-therapeutic tools through inserting them
into blood stem cells in preparation for re-infusion into patients as part of bone marrow -
transplant regimas. In ons embodiment an epiiope tagged-TACT derivative is used as a way
to selectively activate only those lymphocytes derived from the marrow transplant by injection
of the specific antibody into the patient. Inan altzrmative embodiment transduction of 2 TACI
gtne kac'king its intracellutay portion is used to create a relatively innocuous lymphocyte with
diminished responsiveness. This embodiment is vseful in Qutoimmune diseases involving

activation of B cells.

In one embedimeant, a gere encoding a TACT pratein or pulypeptide domain fragment thereof
is introduced in vivo in a viral vector, Such vectors include an attenuated or defective DNA
virus, such as but not limited to herpes simplex virus (HSV), papilloma virus, Epstein Barr
virus (EBV), adenavirus, adeno-associated virus (AAV), and the like. Defective viruses,
which entirely or almost entirely fack viral genes, are preferred.  Defective vires is not
infective after introduction into a cell. Use of defective viral veclors aliows for administration
to czlls in a specific, localized area, without concern that the vector can infect other cells,
Thus, lymphocytes can be specifically targeted. Examples of particular vectors include, but
are not limited to, a defective herpes virus 1 (HSV1) vector [Kaplin et al., Moler, Cell.
Neurosci., 2:320-330 (1991)], an attenuated edenovirus vector, such as the vector described
by -Stratford-Pesricauded [J. Clin. Invest., 90:626-6?;0' (1992)], and a defective adeno-
associated virus vector [Samulski er af., J. Virol,. 61:3096-3101 (1987)]; [Samulski er al.,
J. Virpl., 63:3822-3828 (1989)].

Preferably, for in vivo administration, an appropriale imnmmosuppressive treatment is
employed in conjunction with the viral vector, e.g., adenovirus vecior, o avoid immuno-
deactivation of the viral vestor and wansfected cells. For example, immunosuppresslve‘
cytokines, such as interleukin-12 (IL-12), interferon-y (IFN-y}, or anti-CD4 antibedy, can
be administered to block humoral or ceBular immune responses to the viral vectors [see, e.g.,
Wilson, Narure Medicine (1895)], In additon, it is advantageous to employ a viral vector
that is engineered to express a minimal oumber of antigens.

In another embodiment the gene can be introduced in a retraviral vector, e.5., a5 described
in Andersen ef al., 1.5, Patent No, 5,399,346; Mamn eral., 1983, Celi 33:153; Temin et al.,
11.5. Patent No. 4,650,764; Temin er al., U.S. Patent No. 4,980,28%; Markowiz er al., J.

PCT/USIRNA2T0 -

-

A —————— ]

Pt

ey



0o

WO 98739361 PCTIUSORO42TD - -

10

i3

20

25

30

.. o

43 _

Virol,, 62:1120 (1988); Temin et of, U.S. Paient No, 5,124,263; International Patent

Publication No. WO 95/07358, published March 16, 1995, by Dougherty et al.; and Kuo et -

al., Blood, 82:845 (1993},

Targeted gene delivery is described in Intemational Patent Publication WO 95/28494,
published October 1995,

Aliernatively, the vector can be introduced in vivo by lipofeciion. For the past decade, there
has beee increasing use of liposomes for encapsulaﬁon and transfection of nucleic acids in
vitro. Synthetic cationic lipids designed to limit the difficulties and dangers envountered with
liposome mediated transfection can be used 1o prepare liposcmes for in vivo transfection of
a gene encoding a marker [Felgoer, 1. al., Proc. Nail. Acod. Sci. U.S.A., 84:7413-7417
(1987); see Mackey, et af., Proc. Natl, Acad, Sci. U.S.4., 85:8027-8031 {1988)]. Theuse
of cationic Hipids may promote escapsulation of negatively charged sucieic acids, and also
promote fusion with megatively charged cell membranes [Felgner and Ringold, Science,
337:387-388 (1985)). The use of Iipefection o introduce exogenous genes into the specific
organs in vivo has certain practical advantages. Maolecular targeting of liposomes 10 specific
cells represemis ore area of benefit. It is clear that directing transfection 1o particular cell
types would be particulary advantageous in a tissue with cellular heterogeneity, such as
pancreas, fver, kidney, and the brain. Lipids may be chertically coupled to other mulecules
for the purpose of targeting (see Mackey, er al, supra]. Targeted peptides. ¢.2., hormones
or neupotransmitters, and proteins such as antibadies, or non-peptide molecules could be

caupled 1o liposomes chemically.

It is also possible to introduce the vector in vive as :a naked DNA plasmid. Naked DNA
vectors for pene therapy can be introduced imo the desired host cells by methods known in
the art, e.2., transfection, electroporation, micro injection, ransduction, cell fusion, DEAE
dextran, calcium phosphate precipitation, use of a gene gun, or use of a DNA vector
transpotier [see, e.g., Wu et al., J. Biol. Chem., 267:963-967 {1992); Wu and Wu, J, Biol,
Chem., 263: 1462.1—14624 (1988); Hartmut & af., Canadian Patent Application No. 2,012,311,
filed March 15, 1990].

In a preferred embodiment of the present invention, a gene therapy vector as described zbove

employs a transeription control sequence operably associated with the sequence for the TACI

I
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protein inserted in the vector, That is, a specific expression vector of the present invention

can be used in gene therapy.

Gene Targeting
As used herein "Gene targesing” is a type of homelogous recombination that occurs when a

fragment of genomic DNA i introduced into a mammalian cell and that fragment locates and

recombines with endogenous homologous sequences.

As used herein a "knockout mouse” is a mouse that contains within its genome a specific gene
that has been inactivated by the method of gens targeting. A knockout mouse inchudes both
the heterozypote mouse (i.e., one defective allele and one wild-type alicle) and the

homozygous mutant {i.e., two defective alleles),

As used herein a "marker gene” is a selection marker that facilitales the isolation of rase
transfected cells from the majority of treated cells in the population. A non-comprehensive
tist of such markers includes neomycin phosphotransferase, hygromycin B phosphotransferase,
Xanthine/guanine phosphoribosyl transferase, herpes simplex thymidioe kinase, snd diphtheria

toxin,

The functional actvity of Transmembrane Activator and CAML. Interactor proiein can be |
evaluated transpenically. In this respect, a transgenic moust model can be used. The
Transmembrane Activator and CAML Interactor protein gene can be used in complementation
studies employing 4 :ransgcﬁic mouse. Transgenic vectors, including virat vectors, or cosmid
clones (or phage clones) corresponding to the wild type locus of a candidate pene, can be
constructed using the jsulated TACT protein gene. Cosmids may be introduced into transgenic
mice using pub{ishad procedures [Jaenisch, Science, 240:1468-1474 (1288)]. In 2 genetic

sense, the transgene acts a5 3 SUPPressor (MuLarion,

Alterpatively, » transgenic animal modei can be prepared in which expression of the TACT
protein genz is distupted. Gene expression is disrupted, according to the invention, whea oo
functional protein is expressed. “One standard method to evaluaic the phenotypic effect of a
gene product is 1o employ knock-gut technology 1o delete the gene.  Alternutively,
recombinant technigues can be used to introduce mutations, such as nonsense and amber

mustions, or mutations that lead to expression of an inactive protein. In another
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embodiment, TAC! protein genes can be tested by examining their ph:notﬁic effewss when
expressed in antisense orientation in wild-type animals. in this approach, expression of the .
wilddype allele is suppressed, which leads 1o a mutant phenotype. RNA-RNA dupiex
formation (antiscnse-sense) prevents normal handling of mRNA, resulting in partial or
5  complete elimination of wild-type gene effect. This technigue has been used to jnhibit TK
synthesis in tissue culture and to praducs phenotypes of the Kruppel mutation in Drosophila,
and the Shiverer mutation in mice {fzant er af., Celf, 36:1007-1015 {1984); Green & al.,
At Rev. Biochem., 55:569-597 (1986); Katsuki et al., Science, 241:593-595 (1988)]. An
important ztvantage of this approach is that only a small portion of the gene need be
. . 10 expressed for effective inhibition of expression of the entire cognate mRNA, The antisense
: transgenc will be placed under control of its own promater or another promarer expressed in
the correct cell 1ype, 2nd placed upstream of the SV4G polyA site. This transgene will be
used to make sransgenit mice, or by using gene knockout technology.

15 Thus the present iavention extends to the preparation of antisense nucleotides and sihozymas
that may be used to interfere with the exprassion of the TACT protein at the translational
level. This approach utilizes amtisense nucleic acid and ribozymes to block translation of a
specific mRNA, either by masking that mRNA with an antisense nucleic acid or cleaving it
with a ribozyme. Genes encoding TACT mRNA-specific antisense or ribozyme nucleit acids

20 can be imwoduced, e.g., using technigues as desceibed above for "Gene Therapy.”

Alternatively, synthesic antisense or ribozyme oligonucleotides can be prepared.

Antisense nocleic acids are DNA or RNA molecules that are complementary 1o al least a

. )_, portion of a specific mRNA molecule [see Marcus-Sekura, Anal. Biochem., 172:298 (1988)].
25 In the cell, they bybridize 1o that mRNA, forming a double stranded molecule. The cell does
V not manslate an mRNA in this double-stranded form. Therefore, antisense nucleic acids
interfere with the expression of mRNA into protein. Oligamers of about fifiesn nucleotides

and molecules that hybridize to the AUG initiation codon will be particularly efficient, since

they are easy to synthesize and are likely 1o pose fewer problems than farger molecules when

30 introducing them into organceils, Aptiseasc methods have been used to inhibit the expression
of mmany genes in virro [Marcus-Selur, 1988, supra; Hambor et al., J. Exp. Med., 168:1237
{1988)]. Preferably synthetic antisenss mcleotides contain phosphoester analogs, such as
phusgﬁemahiolatcs, or thicesters, rather than natural phophaester bonds. Such phosphosster

bond analogs are more resistant to degradation, increasing the stability, and therefore the
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efficacy, of the amtisense nucleic acids.

Rihozymes are RNA molecules possessing the ability to specifically cieave other singie
stranded RNA molecules ina mannet somewhat analogous to DNA restriction endonucieases.
Investigators have identified two types of ribozymes, Teralymena-type and
*hammerhesd®-type.  Hammerhead-type ribozymes are preferable to Tetrahymena-type
ribozymes for inactivating a specific mRNA species, and eighteen base recognition sequences

are preferable to shorter recognition sequences.

The DNA sequences encoding the TACI protein described and enabled herein may thus be
used to prepare antisense molecules against and ribozymes that cleave mRNAs for the TACI
protein, thus inhibiting expression of the pene encoding the TAC! protein, which may reduce
the leved of mmune stimulation by dendritic cells, or the evel of clonal detection by mediated
by thymic epithelial cells.

Gene targeting in embryonic stem cells is 2 relatively new technigue that allows the precise
manipulation of genes in vivo. This techriique allows the creation of mice with defined
mutations in the strueture of any given gene. " This abifity 1o generate predetermined
fmutations gives investigatars the ability to apply the power of genetics to the complex human
{rarmune system, as it has éucccssfully been applied in neuronal systems for such organisms

as Drosophila and C. elegans.

A key to finding treatments for many disorders hos been the development of appropriate
animal models. The present invention includes a knockout mouse containing a non-functional
allele for the gene that nanurally encodes and expresses functional TACT protein. Included
within this aspect of the invention is a knockeut mouse containing two non-functional afieles
for the gene thot naturally eccodes and expresses fanctional TACI pratein, and therefore is
unable te express functional TAC] pratein.

Non-fanctionat alleles can be generated in any number of ways that are well known in the ar,
all of which may be used in the present invention. Insome cmbediments, a non-functional
allele is made defective by an insertton of extraneous DNA into the coding region of TACI
protein aliele. In a preferred embodiment, the insertion is placed in the first exon of the
ceding region of the TAC! protein gene. In more preferred embodiments, the insertioa

b
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contains a signal to terminale Lranscription prior to the transcription of a region of the allele
that encodss TACI prowein. In these preferred embodiments it is still more preferred to-
remove g sectinn of DINA at the beginning of the coding region for the TACT prolein and

replacing it with the above inserdon.

The present invention aiso includss a method for producing the knockout mouse of the instant
invention that includes: obiaining genomic DNA encoding a TACT protein, constructing a
vector containing said gencmic DNA and a marker gene wherein said marker gene Is placed
within the exan of szid genomic DNA, The vestor is then electroporated into an embryonic
stemn cell and an embryonic stem celt is selected that has integrated the vecior into the
genome, wherein the selected cell has integrated the marker gene into the endogenoss site of
the gene for the TACI protein in the motse geaome. The cell is then injected into 2 mouse
blastaeyst which is then re-implanted into 2 pseudopregnant female mousz, which gives birtk
10 a chimepic mouse containing 3 defective allele for the TACI protein in its germ line. The
chimeric mouse iz then mated to a2 mouse of 3 standard in-bred line o geperate 2
heterozygous kmockout mouse. Two helerozygous .mice are then bred generating 2
homozygous knockout mouse offspring. Detailed protocols for successful gene targeting are
well known in the art, and for example as described by Joyner, A. L. (1993) Geme
Targeting: A Practical Approach. The Practical Approach Series (Rickwood, D., and Hames,
B. D., Eds.), IRL Press, Oxford which is hereby incorporated by reference in its entirety.

Another aspact of the invention is a method for sefecting a therapeutic agent for possible use
as an immunosuppressant which comprises administering a suspected therapeutic agent to the
koockout mouse of the present invention and measuring and/or determining the putative
therapentic agent’s effect on any of the phenolypic characteristics which may be believed (o

be related to the immunodeficiency.

A preferred embediment of this aspect of the iavention includes administering a suspected
therapentic agent to the knockout mouse of the present invention and measuring a test
response in the knockout mouse, wherein the normal response of the kaeckaut mouse in the
absence of a therapeutic agent is characteristically different from that of wild-type mice. The
potential therapeutic agents are selected on the basis of whether there is a statistical
significance betwaen test response and the normal response. Potential therapeutic agents are

selected that show a statistically significant change in the characteristic measured/determined.

Fu~m
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In a preferred embodiment, the normal response of the knockout mouse in the absence of a

s’

therapeutic agent is characteristically different by being characteristically lower than that of -

wildype mice and the selected therapentic agents act to faise the sensitivity of that

characteristic.

The suspected therapeutical agets may be obtained from any number of drug or peptide

Vibraries including those commercially available from drug chemical companies.

Purification_of TACI proteins and homologues thersof;
The TACT protein of the present invention and homologues thereof can be pusified by any
pember of pracedures that encompass a wide variety of known purification steps. Those with
okitl in the art would know to refer 1o Teferences, such as the Methods of Enzymology series,
for greater detail and breadth. 1nitial steps for purifying the proteins of the prescat invention
include salting in or salting out, such as in ammenium sulfate fractionations; solvent exclusion
fractipnations, £.g., an ethanol precipitation; detergent extractions 1o free membrane bound
proteins using such detergents as Triton X100, Tween-20 etc.; or high salt extractions.
Solubilization of proteins may also be achieved using aprotic solvents such as dimethyl
sulfoxide and nexamethyiphosphoramide. In addition, high speed ultracentrifugation may be

used either alone or in conjunction with other extraction techniques.

Generally good secondary isolation or purification steps include solid phase absorption using
calcium phosphate gel or. hydroxyapatite; of solid phase binding. Sclid phase binding roay
be performed through iomic bording, with either an anfon exchanger, such as
diethylaminoethy) (DEAE), -or diethyl [2-hydroxy propy!] amino ethyl (QAE) Sephadex or
cellufose; or with a cation exchanger such as carboxymethyl (CM).ur sulfo propy! (SF)
Sephadex or cellulose. Alternative means of solid phase binding includes the exploitation of
hydrophobic interactions e.g., the using of a solid support such as phenylSepharose and 3
high salt buffer; affinity-binding, using, ¢.g-, CAML (or a TACI-binding fragment thereof)
bound 1o an activated support; immuno—bind'ing, using e.g., an antibady to the TACI proiein
bound to an activated support; as well as other solid phase supporis including those that
contain specific dyes or lectins etc. A further solid phase suppost technique that is ofien used
at the end of the purificarion procedure refies on size exchusion, such as Sephadex and
Sepharose gels, or pressurized or centrifugal membrane techniques, using size -exclosion

membrane filters.
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Solid phase support separations are generally performed batch-wise with Tow-speed

centrifugations or by column chromatography. - High performance liguid chromalography -
(HPLO), including such related tcehniques 2 FPLC, is precenty the most commen means

of performing liquid chromatography. Size exclusion techniques may also be accomplished

with the aid of low speed censrifugation.

In addition size permeation techriques such 2s ged electrophoretic techniques may be
employed, These techmiques are generally performed in wbes, slabs or by capillary

electrophoresis.

Almost al steps involving protein purification emplay a biological buffer at a pH close 10 the
pKa of thet buffer. Typical buffers can be purchased frem most biochemical catalogues and
include the classical buFfers such as Tris, pyrophosphate, monophasphate, and diphosphate,
or the Good buffers [Good, N.E., ef al., Biochemisiry, 5:467 (1966)]; [Good, N.E. and
Tzawa, S., Meth, Enzymol., 24, Part B, 53 {1972} and [Fergunson, W.J. and Good, N. E.,
Anal. Biochem., 104:300 (1980}] such as Mes, Hepes, Mops, tricine and Ches.

Materials to perform all of these techniques are available from a variety of sources such as

Sigma Chemical Company in St. Louis, Misscuri.

Antibodies to the TACI protein

The present invention discloses the proiein sequence and properties of a specific
Transmembrane Activator and CAML Interactor protein, TACI, thereby enabling the
developmant of antibody reagents specific for the extraceliular portion of the reccptor.
Polyvalent antibody reagents can act 10 cross-link and activate TACI signaling in
lymphocytes, a useful process In situations where entanced lymphocyte responsivencss is
beneficial. Such situations include for example, in the treatment of immunodeficiencies (hat
are either congenital or acquired e.g., AIDS, In addition, these antibody reagents may be
used 28 an adjuvant treatment in cancer in instances that the immune system can aid in the
eradication of neoplastic cells, Similarly monovaient antibody reagents can act 1 black
access to TACI in lymphocyles, a process that is useful in situations where depressed
Tymphocyte responsiveness is beneficizl such as during organ transplants.

According to the present invention, the TAC protein produced eaturally, recombinantly or
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by chemical synthesis, and fragments or other derivatives or analogs thereof, including fusion
proteins, may be used as an immunogen to generate antibodies that recopnize the TACI.
protein, Such antibodics include but are not limited 10 polyclanal, monoclonal, chimeric,
single chain, Fab fragments, and an Fab expression Hbrary. The anti-TACI protein antibodies
of the invention may be cross reactive, e.g., they may recognize the TACI protein from
different species.  Polyclonal antibodies have greater likelihood of cross reactivity.
Alternatively, an antibody of the invention may be specific for a single form of the TACH
protein. Preferably, suck an antibody is Spcciﬁc for human TAC] protein. Antibodies of the
invention tan be labeled, as described abave for TACH protins and polypeptides.

Various procedures known in the art may be used {or the production of polyclonal antibodies
1o the TACI pmtciﬁ or derivative or analog thereof. For the production of antibody, various
host apimals can be immunized by injection with the TACI protein, or a derivative {e.2-,
fragment or fusion protein) thereof, including but not fimited to rabbits, mice, rats, sheep,
goats, eic. Tn one embodiment, the TACI protein or fragment thereaf can be conjugated to
an bnmunogenic carrier, ¢.g., bovine serum albumin (85A) or keyhole limpat hemocyanin
{(KLH). Various adjuvanis may be used to increase the immunological response, depending
on the host species, including but not limited to Freund's {complete and incomplers), mineral
gels such as aluminum hydroxide, surface active substances such as lysolecithin, pluronic
polyols, polyanions, pepiides, oil cmuisions, kayhote limpet hemocyaxins, dinitrephenol, and
potentially useful human adjuvams such as BCG (bacille Calmetie-Guerin) and

Corynebacterium parvenm.

For preparation of menoclonal antibodies directed toward the TACI protein, ot fragment,
analog, or derivative thereof, any technigque that provides for the production of antibody
molecules by contimaus cell lines in culure may be used. These include but are not Iimited
to the hybridoma technique originally developed by Kohler and Milstein [Nature, 256 :495-497
(1975)], as well ns the tioma technique, the human B-cell ybridoma technique [Kozbor e
al., immunology Today, 4:12 {1983)]; [Cote ¢t al., Proc. Natl. Acad. Sci. U.5.4,, 80:2026-
2030 (1983)], and the EBV-hybridoma techniqus to produce human monoclonal antibodies
[Cole et al., in Monoclonal Antibodies and Cancer Therapy. Alan R, Liss, Inc., pp. 77-96
f1985)1. In an addifional -einbodiment of the invemion, monoclonal antibodies can be
produced in germ-fres animals utilizing recent technology [PCT/US90/02545). 1In fact,
according to the invention, techniques developed for the production of "chimeric antibodies”

= o
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[Morrisan et al., J. Bacteriol, 159:870 (1984); Neuberger ef al., Namre, 312:604-608
(1984); Takeda er al., Neture, 314:452-454 (1985)] by splicing the genes from 2 mouse,
antibody molecule specific for 3 TACE protein together with genes from a human antibody
molecule of appropriate biological activity can be used; such antibodies are within the scope
of this invention. Such human or humanized chimeric antibodies are preferred for use in
therapy of human diseases or disorders {described fnfray, since the human or humanized
antibodies are much less ikely than xenogeneic antibodies to induce an immune response, in

particular an allergic response, themselves,

Accarding to the invention, techniques described for the praduction of single chain antibodies
[U.S. Patent Nos. 5,476,786 and 5,132,405 to Husion; U.S. Patent 4,946,778] can be
adapted to produce the TACE protein-specific single chain antibodies. An additonal
embodiment of the invention utilizes the techniques described for the construction of Fab
expression libraries [Huse o al,, Science, 246:1275-1281 {1985)] to aliow rapid and casy
identification of monoclanai Fab fragments with the desired specificity for a TACI protein,

or its derivatives, or analogs.

Antibody fragmcrfzs which contain the idiotyps of the antibody molecule can be generated by

known technigues. For example, such fragments include but are pot lmited to: the F{ab'y,

fragment which can be produced by pepsin digestion of the antibody molecule; the Fab’
fragments which can be generated by reducing the disuifide pridges of the F{ab"), fragment,
and the Fab fragments which can be generated by treating the antibody molecule with papain
and a reducing agent.

In the production of antibodies, screening for the desired antibody cag be accomgplished by
techniques kmown in the ant, e.8.; radinimmunoassay, ELISA (enzyme-linked immunosorbant
assay), “sandwich” immﬁnoassays, immunoradiometric assays, gel diffusion pracipitin
reactions, immunodiffusion assays, in site immunoassays (using colloidal gold, enzyme of
-radioisotope fabels, for example), western blots, precipitation reactions, agglutination assays
{e.z., gel epglutination assays, hemagglutination assays), complement fixation assays,
irmmumofluorescence assays, protein A assays, and immunoglectrophoresis assays, ele. Inone
embodimant, antibody binding is detected by detecting a label on the primary antibody. In
another etnbodiment, the primary antibody is detected by detecting binding of 2 secondary
antibody or resgent to the primary aptivedy. In a further embodiment, the secondary
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antibody is labeled. Many means are known in the ant for dewcting binding in 2n
jmmunoassay and are within the scape of the present jovention. For example, to select.
antibodies which tecognize a specific epitope of a TACI protein, one may assay generated
hybridomas for a product which binds toa TACI protein fragment containing such epitope.
For selection of an antibody specific to a TAC! protein from 2 panicular.s-pncies: of animal,
one can select on the basis of positive binding with the TACI protein expressed by or isvlated
from cells of that species of animal.

The foregoing antibodies can be used in methods known in the a0t relztiag Lo the localizaton
and zctivity of the TACI protein, e.g., for Wesiern blotting, imaging the TACI protein in
sitw, measnring leveis thereof in appropriate physiological samptes, etc, using any of the

detection technigues mentioned above or known in the art.

In a specific embodiment, anibodies that agonize or antagomize the activity of the TACE
protein can be generated, Such antibodies can be tested using the assays described infra for

idemtifying ligands.

Ligands to the TACI Protein.
The idemtity of the endogenous ligand of the TACI protein is unknown. The TACI protein
can be used, 1 screen clones in order to identify the endogencus ligand(s). This ligand is
likely to be involved in the regulation of the immune system as weli, and thus st;uuld have
similiar or complementary uses to those described herein. Methods for screening for TACI-1
ligands include: () shrough the use of a yeast two-hybsid systern with TACH-] as "bai”, as
described, e.g., in Chien # al., Prac. Natl, Science, USA, 88:9578-9582 (1991) and Purfee
et al., Genes Dev,, T:555-69 (1993); (i) interaction cloning from E. cofi expression-libraries
as described above; and (i) functional expression cloning in mammatian cells as described

above.

identification and isolation of a gene encoding a TACI protein of the invention provides for
expression of the TACI protein or fragments thereof in quantities greater than can be isolated
from natuzal sousces, or in cells that are specially engineered to be regulated by the TACI
proiein expressed after iransfection of wansformation of the cells. Accordingly, in addition
to rational design of agonists and antagonists based on the structure of the TACI prosein, the
present invention contemplates an alternative method for identifying specific ligands of the
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TACI protein using various screening assays knows in the art.

Any scresning technique known In the art cap he used tn screen for TACI protein agonists
or aplagonists. The present invention comemplaies screens for small molecule ligands or
ligand analogs and mimics, as well as screens for the natural ligand(s) that bind to and
agonize or antaganize the TACI protein in vivo. For example, nanral products libraries can
be sereened using assays of the invention for molecules that zponize or amagonize the TACT

protein activity, of thal bind to the extraceltular domain or cyloplasmic domain of TACL

Knowledge of the primary sequence of the TACI protein, and the similarity of that sequence
with proteins of known function, can provide an initial clue as the inhibitors or antigonists
of the protein. Idenification and screening of antagonists is further facilitated by detarmining
structnral feamres of the protein, e.g., using X-ray crystallography, neutron diffraciion,
nuclear magnetic resonance spectrometry, and other techniques for structure determination.

Thes techniques provide for the rational design or identification of agonisis and antagonisis.

Another approach uses recombinant bacteripphage to produce large libraries. Using the
~phage method” [Scott and Smith, Science, 249;386-390 (£990); Cwitla, et al., Proc. Nail.
Acad, Sci., 87:6378-6382 (1990); Devlin e al., Science, 249:404-406 (1950)], very large
libraries can be constructed (10“~16"chemica! entities). A second approach uses primarily
chemical meihods, of which the Geysen method {Geysen et al., Molecular Immunology,
23:709-715 (1986); Geysen et al., J. Immunclogic Method, 102:259-274 {1987)} and the
method of Fodor et al. [Science, 251:767-773 (1991)] arc examples. Furka er of, [14th
International Conpress of Biochemistry, Volume 5, Abstract FR:013 (1988); Purka, Jaz. J.
Pepride Protein Res., 37:487-493 {1591)], Houghton [U.5. Paent No. 4,631,211, issued
December 1986] and Runer et al. [U.S. Patent No. 5,010,175, issued April 23, 1991]
describe methods 1o produce a mixture of peptides that can be tested as agonists or
antagonists.

In another aspect, synthetic libraries [Needels er al., Proc. Natl. Acad. Sci. USA, 90:10700-4
(1993); Oblmeyer & ad., Pr.r)c. -Natl. Acad. Sci. USA, 90:10922-10926 (1993); Lam et al.,
International Patent Publication No. WO 92/00252; Kocis ef al., International Patent
Publication No, WO 9428028, each of which is incarporated herein by reference in it
entirety], and the Tike can be used to screen for the TACT pratein igands according to the

PR
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present invention.
Alteraatively, assays for binding of soluble ligand (o cells that express recombinant forms of
the TACI N-Terminal extracellular domain can be performed. The soluble igands can be
provided readily as recombinant or synthetic polypeptides,

The screening can be performed with recombinant cells that express TACL, or a frapment
thereaf, or alternatively, using purified protein, e.g., produced recombinantly, as described
above. For example, the ability of labeled, soluble of solubilized TACI fragment to bind

ligand can be used to screen libraries, as described in the foregoing references.

Screening For Novel Immunosuppressant Drups

Cartain diseases result from over activation of the B-lymphocyte response. One exampie is
Systemic Lupus Erythematosus (SLE), in which antibodies are created that react with antigens
(proteins, DNA, etc.) naturally present in the patient. The antibodies form complexes with
the antigens, and circulate as reactive protein agglomerates. These complexes deposit in
different organs and lead 1o the many symptoms of SLE, including kidney failure, neurologic
symptoms, and death. Current treatments include the use of relatively non-specific
immunosuppressants such as cyclosporin A or steroids which stppress responses inboth T
and B cells. Allhough they can often effectively treat SLE and similar diseases, there is 3
sipnificant risk of over-imminosuppression, in which the patient develops serious infections
because of lack of functioning T-cells. A new jmmunosuppressant drug that selectively
blocks the action of B-lymphocytes, while leaving T-cells intact 1o protect patients from viral
pathogens would be extremely useful to treat these diszases. Therefore, TACI-1 can be used
as 2 nove! too! for developing immunnsuppressant drugs specific for B-lymphocytes.

The TACI protein is not naturally present in mature T-lymphocytes or Jurkat T cells, a cell
tine that has phenotypic characteristics of mature T.cells. Indeed, the highest level of
expression of the TACI protein is on peripheral B lymphocytes, whereas peripheral T-cells
do not express the TACI protein. However, Jurkat T cells can be wansfected with a TACI
expression plasmid and the TACGI expressed can be readily stimulated by cross litking to a
TACI specific antibody. This stimulation leads o the activation of a- pair of sccond
messenger pathways thar are both necessary and sufficient to stimulate the early T-cell

transcription factor NF-AT.

-



WO 98739361 . PCTIUSIBOATD. .

o e

10

15

20

25

30

55

In a particular embediment Jurkal T cells are wransfected with TACI-1 expression plasmid and
a NF-AT-reporier plasmid, Jurkat T cells naturafly express the T-celf receptor (TCR). The.
cells are stimulated by the addition of antibodies to TACI-1. antibodies to TCR. or antibodics
to bath. Candidate drugs are mixed with the Jurkat T celis and the effect of these drugs is
determined. Phage and chemical braries described above may be used as sources for drug

candidates.

‘These candidate drups are then applied in a parallel experiment in which antibodies to TCR
are used in place of the antibodies to TACE-L. If the candidate drug has no effect on the
SEAP signal stimulation due to the antibody-dependent activation of TCR, the candidate drog
is identified as having selective inhibition of the TACEH] activated response. Such selected
drugs include that ciass of drugs which can selectively inhibit the B-cel} (antibody producing)
response, while allowing T-cell mediated (cellufar) immunity to proceed. Such selected drugs
may be used 1o treat the autoimmune diseases described above. Because TACI-1 activates
lymphocytes by a novel mechanism (i.e. throngh direct contact with CAML) it is likely that
a significant number of drugs are discaverable that can interfere with the CAMi~dependent
pathway, yet leave normal signaling through the T-cell receptor intact.

In » preferred embodiment of this type, the NF-AT-reporter plasmid conzains the SEAP
reporter. This signal is used to measure {he degrec of inhibition of activation. The SEA?P
reporter assay can be scaled up 50 35 19 be performed by a robot sereening apparafus. Drags
that block the activation of TACI-1 but not TCR as measured by the SEAP reporter assay are
tdentified as having selective inhibition of the TACI-1 activased response.

Alternatively, a phage kbrary can be employed. Phage libraries have been constracted which
when infected into host E. coli produce random peptide sequences of approximately 100’15
amino acids [Parmiey and Smith, Gene, 73:305-318 (1988), Scowr and Smith, Science,
249:386-249 (1990)]. Specifically, the phage Hbyary can be mixed in jow dilutions with
permissive E. coli in low melting point LB sgar which is then poured on (op of LB agar
plates. After incubating the plates at 37°C for a period of time, smalf clear pinques inalawn
of E. coli will form which tepresents active phage growth and lysis of the E. coli. A
represetative of these phages can be absorbed to nylon filiers by placing dry filters onto the
agar piates, The filters can be marked for orientation, removed, and plated in washing
solutions to block any remaining absorbent sites. The filters can then be placed in a solution
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containing, for example, a radinactive fragment of a TACI protein containing the N-terminai
extraceHular domain e.p., for human TACE-1 it is a peptide having the amino acid sequence. .
of SEQ ID NO:§, Afier a specified incubation period, the filters can be thoroughly washed
and developed for autoradiopraphy. Plaques containing the phage that bind to the radiozctive
N-terminal exiracellular domain can then be identified. These phages can be further cloned
and then retested for their ability to inhibit the stimulation of TACI by an anti-TACI antibody

while not inhibiting the corresponding stimulation of TCR as described above.

Once the phages have beea purified, the binding sequence contained within the phage can be
determined by standard DNA sequencing techniques. Once the DNA sequence is known,

synthetic peptides can be generated wiich represents these sequences.

The effective peptide(s) can be synthesized in large quantities for use in in vive models and
eventually in hurnans 25 immunosuppressant drugs, for exampie. Itshould be emphasized that
synthetic peptide production is relatively nor-labor intensive, easily manufacured, quality
controlled and thus, large quantities of the desired product can be produced quite cheaply.
Similar combinations of mass produced syrthetic peptides have recently been used with great

success [Patarroyo, Yaccine, 10:175-178 (19903}

Therapeutic Methods and Compaositions
The Transmembtans Activator CAML Interactor pratein of the present invention can activate

two signals nosmally used 1o initiate cell growth and division. This receptor is likely 10 be
involved in the neoplastic trapsformation of T or B lymphocytes i lymphoma or leukemia.
Therefore, dominant negative forms of TACK are useful to suppress growth of such cancer
cells. Alternatively, TACH-1 over-stimulation can lead to programmed ceil death, Taking
advantage of this property, feukemia or lymphomas with TACI-1 cell surface expression may
be induced to die by such over-stimulation. ‘Activation of the TACI protein with antibody or
crosslinking may activate an endogenous pathway leading to apoptosis.  Binding wiih a
monomeric form of an antitiody or apalogous Eiéand can block the TAC! protein-associated

endogenous pathway and interfere with growth simulation.

Therapeutic stimularion of TACI acivity. As discassed above, the present invention
advantageonsly provides for selective stimulation of the immune system by agonizing TAC
activity. TACT agonists include the TACI ligand or Higands discovered as described supra,
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and antibodies that crosslink the recepror. Ligand ageaists or antibody agomists can be

admimistered 25 described below for treatment of subjects in whom hmmune stimulation, -

particularly of B cells, is desired.

B cell responses can be particularly important in fighting infectious diseases, including, but
not Jimited to, bacterial, viral, protozoan, and parasitic infections. Antibodies against
infectious microorganisms can rapidly immobilize the organisms by binding to antigen,
foliowsd by complement attack or cell mediated attack. Thus, a TACI agenist of the
invention can be provided 1o a subject who is suffering from an infection 1o boost humoral
jmsmune responses. TACI agonists may be particufarly useful for boosting immune responses
after vaceination, during challenge with the infectious orpanism. Thus, subjects particularly
at risk for infectious diseases, such 2 influenza, can supplement a vaccination of memory
imsmunity with a TACI agonist during the flu season. Comparzhle immune boosting could
be used with subjects who are entering or reentering an area with an endemic infections

disease, such as malaria,

In addition, B cel) responses may be important in amplifying immune responses Lo LUnOTs that
express tumor-specific anaigené‘ Thus, 2 TACI agonist may be provided where endogenous
anti-turnor antibodies are detected, Indeed, B c=lis or plasma cells expressing anti-tumor cell
suface immunoglobulin can be selecied, such as by panning, and transdueed with TACL to

allow for an amplification of their antibody production.

In addition 1o amplifying beneficial jmmune responses, the present TACT agonists, &,8.,
ligands and antibodies, can be used to aver-stimulate cells, such as B cells tumors (multiple
myelomas, lymphomas, and leukemizs), immamre T cell umors (levkemias and thymomas),
and autoimmune or inflammatory cells and induce apoptosis in such ceils, thereby reducing

or eliminziing the cancer o suteimmune/inflammatory condition.

Therapies for boosting celiular immune responses. Although TACI is found in only a subsel
of mmmature T cells, mamre T cells can be transfected or transducad in vivo or ex vive {0
éxyrcss s functional TAC! receptor, to nplify cellvlar imsmune responses. Preferably, tumor
infiltrating celis are selected for such boosting, and reintroduced into the subject to more

vigorously fight the rumor.’
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Therapeutic methods by amagonizing TACI activity.  As discussed above, the prese:t

invention contemplates inhibiting TACH activity by various means, inclading but not limnited -
t w4z of the free N-termins? exracelinlar domain; expression of a non-functional extracellulat

domain lacking a signal transduction domain, e.g., GPi-linked N-terminal TACL; use of

antisense or ribozyme technologies o suppress expression of TACI; and use of TACI

antagonist ligands or antibodies.

Suppression of TACI activity is useful for treating undesirable irmune responses, including
sutoimmune and inflammatory diseases, Lmnsplanmidn rejection, and graft-versus host (GVH)
disease. Autoimmune zad inflammatory diseases include immme romplex-indaced vasculitis
{Cochrane, Springer Semingr Immunopathol., 7:263 {1584)], glomerulonephritis {Couser ef
el., Kidney Inst., 29:879 (1985)], hemolytic anemia [Schrefer and Frank, J. Clin. Jnvest.,
51:575 (1972)], myasthenia gravis [Lennan, e al., J. Exp. Med., 147:973 (1978); Biesecker
and Gomez, J. Immnol., 142:2654 (1989)], type 11 collagen-induced arthritis {Watson and
Townes, J. Exp. Med., 162:1878 (1985)}; experimentz! allergic and hyperacue xenograft
rejection [Knechtle, e al., J. Hears Transplan, 4(5):541 {1985); Guttman, Transplantation,
17:383 (1974); Adachi, er al., Trans. Proc., 19(1:1145 (1987)k rheumatold arthritis, and
systemic lupus erythematosus (SLE). -

In another smbodiment, where a lymphocyle cancer such as myeloma, lymphoma, of
leukemia expresses TACI, and TACI contributes to cancer growih, use ofa TACI antagonist

of the invention can be used (o suppress the cancer cell growth,

Accordingly, a component of a therapeutic composition such as a polyvalent ot mano-valent
antibody of the present invention may be introduced parenterally, ransmucosatly, e.g., orally,
nasally, or rectally, or transdenmally. Preferably, administeation is parenteral, e.g., via
intravenous igjection, and alse including, but is not Simited to, intra-arteriole, intramuscular,

intradermal, subcutaneous, intraperitoneat, intraventricalar, and intracranial administration,

In another embodiment, the therapeutic compound ca.n-bc delivered in o vesicle, in particular
a Hposome [see Langer, Science, 249:1527-1533 (1990); Treat et al., in Liposomes in the
Therapy of Infectious Disease and Cancer, Lopez-Besestein and Fidler {eds.), Liss: New
York, pp. 353-365 (1989); Lopez-Berestein, ibid., pp. 317-327; see generally ibid.}. To

reduce its systemic side effects, this may be a preferred methed for ineroducing TACL
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In yet another embodiment, the therapeutic compound can be delivered in a controtled release
system. For example, an agonist or antagonist to the twransmembrans binding protein of the -
present invention, such as an antibody, may be administered using intravenous infusion, an
implantable osmotic pump, a transdermal patch, liposomes, or other modes of administration.
In one embodiment, a pi:mp may be used [see Langcr., supra; Sefton, CRC Crit. Ref. Biomed.
Eng., 14:201 (1987); Buchwald & al., Surgery, 88:507 {1980); Saudek et al., N. Engl. J.
Med., 321:574 (1989)). 1In another embodiment, polymeric materials can be used [see
Medical Applications of Controtled Relense, Langer and Wise (eds.}, CRC Press: Boca
Raton, Florida (1974); Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Witey: New York {1984); Ranger and Peppas, J.
Macromol. Sci. Rev. Macromol. Chem., 33:61 (1983); see also Levy er al., Science, 228:190
(198S); During et al., Ann. Neurol., 25:351 (1989); Howard e al., J. Newrosurg., 71:105
(19893]. In yet another embodiment, a controlled release sysiem can be placed in proximity
of the therapzutic target, 7.e., the brain, thus requiring only a fraction of the sysiemic dose
[see, ¢.2., Goodson, in Medical Applications of Controfled Release, supra, vol. 2, pp. 115-
138 (1984)]. Preferably, a contratled release device is introdoced into 3 subject in proximity

of the site of inapprapriate immune activarion or a mmar.

Other controlled release systems are discussed in the review by Langer {Science, 24%:1527-
1533 (1990). '

In a further aspect, recombinant cells that have been transformed with the TACT protein gene
and that express high levels of the polypeptide can be wransplanted in a subject in need of the
TACT protein. Preferably autologous eells transformed with TACE protein are transplanted

to avoid rejection.

The therapeutic compounds of the present invention can be delivered by intravenous,
intrazrterial, inraperitoneal, intramuscular, or subcutapeous rouies of administration.
Alternatively, these compounds, properly formulated, can be administered by nasal or oral
administration. A constant supply of these therapeutic compounds can be ensured by
providing a therapeutically effective dose {i.e.. dose effective to induce metabolic changes
in a subject) at the necessary intervals, e.g.. daily, every 12 hours, ete. These paramsters
witl depend on the severity of the disease condition being treated, other actions, such as diet

rmodification, that are implemented, the weight, age, and sex of the subject, and other criteria,
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which can be readily determined according to standard good medical practice by those of skill
in the art. .

A subject in whom administration of these therapeutic agents is an effective therapeutic
tegiment for an immunodeficiency disease is preferably a human, but can be any animal,
Thus, s can be readily apprecisted by one of ordinary skill in the art, the methods and
pharmaceutical composigans of the present invantion are particularly suited to administration
1o any animal, particularly a prammal, and including, but by no means Jimited to, domestic
animals, such as feline or canine subjects, farm animals, such as but not limited to bovine,
equine, -caprine, ovise, and porcine subjects, wild enimals (whether in the wild or in a
zoological garden), research animals, such as mice, rats, rabbits, goats, sheep, pigs, dogs,
cats, efc., avian species, such as chickens, mrkeys, songbirds, ctc, ie., for vererinary

medical use.

The following examples are presented in order 1o more fully iHustrate the preferred
embodiments of the invention. They should in no way be construed, however, as Jimiting

the broad scope of the invention.

EXAMPLE

CALCTUM SIGNALING BY A LYMPHOCYTE SURFACE RECEPTOR MEDIATED
THROUGH CAML

Introduction
Ca** influx is a key regulator of antigen-stimulated lymphocyte activation [lwboden er al.,
Immunal., 134:663-665 (1985)]; [Crabtree & Clipsione, Annie. Rev, Biochem., 63;1045-1083
(1994)]; [Weiss & Litoman, Cefl, 76:263-274 (1994)]. The CAML protein has been identified
a5 a regulator of Ca** signaling that is necessary but not sufficient for the activation of
lymphocyte transcription factor, NF-AT (Bram & Crabtree, 1994, supra). The lucatinz‘l of
CAML in cytopiasmic vesicles is consistent with it regulating Ca¥* nflux by modulating
intraceliolar Cat* release. Here a novel human CAML-interacting receptor expressed by B
lymphocytes that acts as a cell-surface signaiisg molecute is disclosed. This receptor, TACT
(Transmembrane Activator CAML Interactor), initiates Ca**~dependent activation of NF-AT
when cross linked with an antibody. The signal ean be blocked by a dominant negative
mutant of CAML. As shown herein, the TAC! pratein also can independently activate the

-
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AP-1 transcription factor, thus providing both sigrals required for lymphacyte activation.
The TACI protein initiates a novel signal transduction mechanism direcily linking cell surface
stimmili to the intraceliular signaling molecule, CAML, and thereby defines a new class of
Iymphocyte-specific cell surface receptors that modulate the immne response. In addition,
the TACI proiein is 3 novel tool that can be used to regulate the immune system in either a
positive or 2 negative direction. TACI-1 is the human homologue of TACI fllustrated in the

instant example.

Materials Apd Metheds
Molecular cloning and screening. A human B-jymphocyte cDNA litrary is screened by
the two-hybrid sysiem [Fields & Song, Mamure, 340:245-246 (1989)}); {Durfee et al.,
Genes Dev., 7:535-569 (1993)], with the full coding region of CAML used as bait. The
human CAML cDNA js inserted into the yeast two-hybrid bait vecter pAS1. This
construct divects the expression of a GALA-DNA hinding domain fused to the entire
proiein sequence of CAML. A B-lymphecyte Ebrary in plasmid pACT is transformed inte
yeast Y153 and potential interacting plasmids are identified by growth of colonies on
media lacking histidine and contsining 3-aminu triszole.

Ome tlone (TACI-1), out of eight primary positives was identified. The TACI-1 cDNA is
subcloned into a mammalian expression plasmid which adds an epitaps tag to the amino-
terminat end of the expressed protein, This construct is then wansfected into the Jorkat
T-lymphocyte cell line, COS cells, or NIH3T3 cells. In each case, cell surface expression
of the TACI protein is demonsteated,  The orieatation of the protein is with the N-
1erminus outside the cell, as the epitope is available for rezction with a specific antibody
even without perrmezblizing the cell membrane. This result facilitated the functional

studies described herein.

Secondary screening relied on enforced over expression of positive clones in Jurkat T
cells, and assaying for NF-AT activation, (Bran: &5 e, 1993, supra) Jurkat T cells
transiently transfected with the tagged-TACE-! construct and an NFAT-reporier plasmid
are incubated in medium containing the monoclonal epitope-specific antibady. To
rmaximize cross-linking of TACI-1, the antibodies are bound 1o beads before addition to
the cell suspersions. Following a 24 bour incubation, the activity of the NFAT-reporter is
determined. A dramatic induction of NFAT reporter activity is found when cells are
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stimmulated in this manner. Control transfections without the TACI-1 construct do not

_show activation foliowing such treatment. Likewise, transfection of an unrelated cell

surface molecute (CDB) followed by anti-CD3 stimularion did not activate NFAT in these
cells, The degres of activation was 70-80% of the maximal stimulation that could
achieved in these Jurkat T ceils by addition of phorbel ester plus ionomycin.

After screening a multipls tissue Northern blot {Clontech) with TACIK-! cDNA (excised
from the yeast two-hybrid vector), an independent TACIH1 clone is obtained from a human
fetal spleen cDNA library (Stratagene). The 5'-lerminal coding region is confirmed by
rapld amplification of cDNA ends (RACE) using a ‘Marathon-ready® human splees cDNA
library (Clordech), nested TACT-1-specific primers (5'-
TCTGAA‘I"I‘G’ITT'I‘CAACTTCTCJ’ and 5-CAGCAGAGGATCCCAGTACTGCTC-3')

and Pfu polymerase {Siratagene) accarding to the manufacturers' recommendations.

Antisera. cDNAs encoding the N-terminal 146 amino acid residues of CAML and the N-
\erminal 151 residues of TACI-1 are each cloned into a GST-fusion bacterial expression
vector (Pharmacia). Rabbit polyclonal antisera are raised against purified GST-fusion

) proteins [Smith & Johnson, (ene, 67:31-40 (1088)], and specific antibodies are purified

by immmunoaffinity chromatography over the purified proteins coupled to agarose (Pierce),
using standard techniques, Cross-linked anti-TACH-1 is prepared by incubating
inmmﬁoaﬁinily—puriﬁad polygonat anti-TACI-1 antibodies with anti-tabbit 1¢G amibody-
coupled magnetic beads (PerSeptive Diapnostics).

Screen for Identifying Novel Immunosuppressai Drugs: Jurkat T cells are wansfected
with TACI-1 expression plasmid and a NF-AT-reporter plasmid. Jurkat T cells nawrally
express the T-cell receptor (TCR). The cells are stimmulated by the addition of antibodies
to TACI-1, antibodies to TCR, or aatibodies to both. Candidate drugs are mixed with the
Turkat T cells and the effect of these drugs is determined.

The NF-AT-reporter plasmid gontains the SEAF reporter. This signal is used 1o measure
the degree of inhibition of activation. The SEAP reponter assay is scaled up 50 as to be
performed by a robot screening, apparafus. Drugs that block the activation of TACI-1 but
not TCR as measured by the SEAP reporter assay are identified as having selective
inhibition of the TACI-t activated response.
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Results and Discussion
Proteins that can imeract with CAML are idendified by using a two-hybrid screen (Fields -
& Song, 1989, supra); (Durfee er al., 1993, supra) with CAML 15 bait. To determine
whether one of these jdentified CAML-binding proteins can affext Ca® signaling in T-
celis, their ability to modulate the activity of the Ca**-dependent transcription factar NF- .E
AT is examined [Truneh er af., Nature, 313:318-321 (1985)); [Verwedj er al., J. Biol.
Chem., 265:15788-15795 (1990)]; [Kartrunen & Shaserdi, Proc. Nawl. Acad, Sei, USA,
88:3972-3976 (1991)); [Emmel ef al,, Science, 246:1617-1620 (1989)]. Enforced over
expression of the two-hybrid ciones in Jurkat T-cells reveals that one clone {encoding the
TACI-1 protein}, replaced the requirement for Ca* influx, implying that TACI-1 lies in
the same signal pathway as CAML. Northem blot analysis for TACT-1 mRNA
demonstrates a 1.4 kb mRNA expressed only in spleen, small infestine, thyrous and
peripheral blood lymphocytes suggesting a limited expression of TACE] {Figure 1). The
pattern observed is consistent with the expression of TACI-1 being predominantly in
peripheral hlood cells, since peripheral biood cells, and in particular lymphocytes, can be
present in all of these organ.s (inctuding the Peyer's parches fining the small inlestne.)
Furthermore, there is no detection of expression in colon, testis, ovary, or prostate. In,
addition, the TACI-1 protein is detected in'aIE nonmal peripheral B lymphocytes using
speacific-antibody staining. There is no detectable protsin expressed in peripheral T-
lymphocytes, monocytes or neutrophils.

Determination of the DNA sequence from both strands of the DNA isolated reveals a

complets open reading frame of 1325 base pairs, which is predicizd to encode a protein of .
293 amino acids, The deduced amino ecid sequence of TACH-1 (Figure 2a) inciudes 2 !
single hydrophobic region {residues 167 1o 186) that hus features of a membrane spasaing
segrment (Figure 2b). Analysis of the protein sequence by the method of Sipoes {Sipos & !;_
von Heijne, Eur. J, Biochem., 213:1333-1340 (1993)]; [Claros & von Heijne, Comput.

Appl. Biosei., 10:685-686 (1994)], predicts exmacellular exposure for the N-terminus and

cytoplasmic exposure for the C-terminus. Although TACI-1 lacks an N-terminal sigmal

sequence, the presence of an upstream stop codon indicates that the complete open reading _
frame is contained within the clone, TACI-1 is refatively rich in cysteine residues, but ' ;3
there is no significant sequence similarity or homelogy to any other disciosed prowein. A
search for Prosite motifs in TACE-1 reveals one TNFR_NGFR modf [Bairoch, Nuclelc
Acids Res., 21:3097-3103 (1993)) (residues 33-71) N-terminal to a putative transmembrane
@
b
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region, which consists of C-x(4,6[FYH]-x(5, 10F-C-x(0,2)-C-x(2,3)-C-x(7,1 1)-C-x{4,6}-
[DNEQSKPL-x(2)-C in the N-terminal half of the protein. This motif is foundina
nursber of proteins, some of which are receptors for growth factors. Some of these
proteins have one copy of this motif. A comparison of the TACI-1 protein sequence with
ftse!f reveals a significant repeat between the TNFR NGFR motif at residues 33-66 and
esidues 70-104, This analysis drew atiestion to the presence of two TNFR-type cysteine-
rich damains encompassing these segions that indicate that TACEH] is a member of the
superfamily of TNFR receplors. (Fi?,um pis)

To confirm that TACI-1 is a transmembrane protein, its expression on Jugkat T cells
transfected with a TACI-1-encoding plasmid using flow cytometry was examined. Cells
transfected with TACI-1 show surface staining with rabbit polycional antibodies raised
against a fusion protein that includes (he N-erminal 12 kilodalton portion of TACE1
{Figure 3a). Additional evidence that TACI-} is localized at the cell surface is derived
fram immonofiuarescence microscopy, whers surface staining of intact cells transfected
with an N-termigal FLAG-cpitope-tagged TACI-1 expression plasmid is observed (Figure
3b). Since the N-termims of TACE-1 is extracellular in the absence of a cleaved signal .
sequence, it is a type T1I transmembrane proiein [\};fi!son-Rawls ¢t al., Virology, 201:66-76
(1534)).

To assess the effect of TACK-] on NF-AT activity in T-cells, the prowein is tansiently
expressed in TAg Jurkat T cells with a secreted alkaline phosphatase reperter driven by
the NE-AT-binding sequences from the JL-2 promoter (Bram & Crabtrez, 1994, supra);
[Fiesing et al., Gener Dev., 4:1823-1834 (19503}; (Bram er ol., 1993, supra). TACEI
over expression can partially replace the requirement for ionomycin in this assay. The
addition of anti-TACI-1 antibodies to the cells further increased NF-AT activation {more
than twofold, see Figure 4a), demonstrating that TACI-1 responds to ross-linking at the
cell surface. The degree of NF-AT activation varies in different experiments due to .
transfection efficiency tt is typically 40-50% of the maximal response to the
corresponding treatment of the cells with PMA plus jonemycin. TACI-I-mediated NF-AT
activation is dependent on calcinesrin, 25 is demonstraied by the loss of NF-AT activity in
the presence of an immunesuppressive drugs, such as Cyclospotin A or FK506 [Friedman
& Welssman, Cell, 66:799-806 (1991)]; (Lui & al., 1991, supra) {Figure 4b}.

-
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To examine the requirement for Ca™ influx in TACI-1-mediated activation of NE-AT,

extraceliular calcium can be removed by the additon of incre:ising concentrations of

EGTA. This results in the inhibition of TACIH-1-mediated NF-AT activation, as has bezn

shown previously for T-celt receptor-mediated activation (Figure 4¢). As a control, the

effect of expressing in the cells, 2 constitutively active, caleium-independent mutant of E
calcineurin A [Hobbard & Klee, Biochemisiry, 28:1868-74 {1989)];'(0’Keefr. et al., 1992, .
supra); (Chipstone & Crabtree, 1993, supra) is examined. As expected, in these cells

NF-AT activation is seen even in the presence of EGTA (Figure 4c). Thus, in T-cells,

TACT-1 mediates the calcineurin-dependent aspect of the activation of NF-AT by initiating

the influx of exiraceliular Ca®* (most likely through the capacitative Ca™ influx pathway

fallowing the depletion of intracellular stores {Putney & Bird, Celf, 75:199-201 (1953)};

Hoth & Prenner, Phystol., 465:359-386 (1993)); [Zweifach & Lewis, Proc. Natl. Acad,

Sei. USA, 90:6295-6299 (199%)); [Premack er al., J. Jmmunol., 152:5226-5240 (1994)]).

Activation of NF-AT by CAML requires exogenous stimulation of protein kinase C by the
addifion of phorbol ester (Bram & Crabtres, 1954, supra). Antibody-cross linked TACE
1, however, is able to activaie NE-AT in the abseace of either PMA or jonomycin {Figure
4b, solid bars). Experiments examining the activation of an AP-1 reporter by the over
expression of TACE-1 shows that AP-] activation is elevated (over four-fold) in TACK1-
transfected Jurkat T cells. This effect can be further enhanced with the addition of cross-
linked anti-TACI-1 antibodies (Figure 4d). Thetefore, TACE-1 initiates Ca®* influx,
which in tarns activates calcinenrin, as well as activates the AP-} pathway following
stimulation, thereby mediating the fulfiilment of both requirements for the activation of
NF-AT.

Fusther confirmation that TACI-1 interacts with CAML can be demonstrated by their

specific interaction in a twohybrid reverse swap experiment (Durfes ef gl., 1993, supra}

(Figure 5a). To define the critical amino acid residues involved in the interaction,

deletion mutants of both TACIH-1 and CAML are tested for their ability to physically

associate (Figure 38), The C-terminal 126 aming acids of TACI-] are found to be '
sufficient for binding to the N-terrinal 146 amino acids of CAML. Additional evidence i
far the in vivo association of TACH-I with CAML is provided by experiments in which .
full length CAML and a mutant comprising the 146 N-terminal amino acid residues af

CAML are co-immunoprecipitated with TACE-1 from cell lysates (Figure 5b). Therefore,
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it may be concluded that the cytoplasmic C-terminal tail of TACI-1 ean physically
associate with the N-terminal half of CAML, '

To examine whether TACH-1 signaling depends or: the association of TACI-1 with CAML,

the imeracting domain of CAML (residues 1-146) is tested o determine if it can inhibit }1‘1
TACT-1-induced NE-AT activation in a dominant negative fashion. Co-transfection of the I
mutant CAML(1-146} expression plasmid completely eliminates TACI-1-indued NF-AT

activation in Jorkat T cells, On the other hand, there is no inhibitory effect on PMA plus

ionomycin-induced NF-AT activity, thus ruling out a nonspecific taxic effect. Co-

expression of CAML{1-146) also does not influence the accumulation of TACI-1 protein

BS dciccled by Western blot analysis (Figure 5c). CAML{}-146) lacks the hydraphobic

transmembrane domains that are required for Ca®* influx activity [Holioway & Bram,

Biel. Chem., 271:8549-8552 {1996)]. Hence the elimination of NF-AT-inducing activity

in these cells can be attributed to binding of the CAML(1-146) fragment o the

intraceliutar Coterminal portion of TACI-1, preventing association with endogenous full-

length CAML.

CAML is an integral membrane protgin localized 1o cytoplasmit vesicles (Bram &
Crabtree, 1994, supra). Analysis of deletion tutants has shown that hydrophobic
domains in the C-terminat half of the pratein are essential for activity (Hoiioway & Bram,
1996, supra), and that the hydrophilic N-terminal half of the protein may have a
regulatory tole. Trypsin digestion experiments further demonstrated that the N-terminal
half of the motecule is cytoplasmic. Here, the interaction between TACE1 and CAML is
required for TACI-1-mediated NF-AT activation in Jurkat T cells is demonstrated. Taken

membrane and inracellufar CAML-conining vesicles can initiate a calcium influx sigoal
(Figure 5d). Thesé findings provide the first evidence for dirsct commmunication betwesn
cel} surface receptors and intracellular organeiles in lymphocytes. This mechanism may
be somewhat anaiogous to the dihydropyridine-ryanodine receptor modei in muscle cells,
in which stimulation of one molecule ¢an directly modulate the activity of the other [Marty
et al., Proc. Nail. Acod. Sci. USA, 91:2270-2274 (1994)]; {Sham er-al., Proc. Nail. Acad.
Sci. USA, 92:121-125 (1995)); [Nakai ef al., Nature, 380:72-75 (1996)].

A

Other cell surface proteins have been shown to activate iymphocyte function, including the
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CD3 T-cell recepror, CD2, CD20, and Thy-E. These proteins have no sequence-
homology with TACE-1, and it is likely that they play different roles from each other,
sither in terms of response tn different exeraceflular sipnals, and/or in terms of
developmental stage of expression on lymphocytes. TACH-! must alse play a role in the
5 modulation of the function of lymphocytes in alternate and/or co-stimulatory pathways.
Thus, in addition to defining a new signaling machanism, TACI-1 15 a novel tymphocyte-

specific receptor capable of activating T-cells.

The following is a Hist of documents related 1o the above disclosure and particularly to the
10 experimental procedures and discussions. These docurments, and aH others cited above,

should be considered as incorporated by reference in their entirety.
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Various publications in addition to the immediately foregoing are cited herein, the
disclusures of which are inthrperated by reference in their entireties. The citation of any
reference herein should not be deemed as an admission that such reference is available as

prior art to the instant invention.

While the invention has been described and illustrated hercin by references to the specific

embodiments, various specific material, procedures and examples, it is understood that the .
invention is not restricted 1o the particular material combinations of material, and '
procedures selected for that purpese. indeed, varius raodifications of the invention in

addition to those described herein will become apparent to those skilled in the an from the

foregning description and the accompanying figures. Such modifications are intended t(‘J

fall within the scope of the appended clajms. :

2P

£

1t is further to be understood that all base sizes or aming acid sizes, and afl melecular

weight or molecular mass values, given for nucleic arids or polypeptides are approximate,

and are provided for description.
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SEQUENCE LISTING

{1} GENERAL INPORMATION:

{i) APPLICANT: 'Bram, Richard J.
van Bulow, Qotx

{ii} TITLE OF INVENTION: A LYMPHOLYTE SORFACE RECEPTOR THAT BINDS
CAML, NUCLBIC ACIDS ENCODING THE SAME AND METHODS OF USE
THERECT

(i33) HUMBER QF SEQUENCEI: 1.0

[iv} CODRRESPONDENCE ADDRESS:
tA) ADDRESSEEZ: David A. Jackson, EsQ.
{B) STRESET: 411 Hackenpack Ave, Continental Plaza, 4th
Fioor
{C} €ITY: Hackensack
(D) STATE: Kew Jersey
[E) COUNTRY: USh
(F) ZIp: 07601

{v} CCMPUTER READABLE FORM:

(A} MEDIUM TYPE: Floppy disk

{BY COMPUTER: IBM PC ccmpatible

{¢) OPERATENG SYSTEM: PC-DOS/HES-DOS

{D) SOFTWARE: PatentIn Release #1.0, Version #:.390

{vi} CURRENT APPLICATION DATA:
jA} APPLICATIDN NUMBER: US
{8} PILING DATE: 28-¥EB-1357
{C) CLASSIFICATION:
\viii) ATTORNBY/AGEBNT INFORMATION:
{A) NAME: Jackson Esg., David A.
{#] REGISTRATION WUMBER: 26,742 B
[0} REFERENCE/DOCKET WOUMBER: 1340-1-007
{ix} TELECOMMINECATION INFORMATION:
(A} TELEFHONE: 201-487-35B00
(B} TELEFAX: 201-343-1684
{2} INPOHMATION FOR SEQ ID NO:1:
(1) SEQUENCE CHARACTERISTICS:
{A)} LENGTH: 1377 base pairs
|B) TYPE: nuclele acid
|C] STRANDEDNESS: double
[D) TOPOLOBY: linear
{11} MOLHCULE TYPE: cDNA
{iii} HYPOTHETICAL: NO

{vi) OREIGINAL SCURCE:
{A}) OHGRHISM: Homo sapiens

{xi} SEQUENCE DESCRIPTION: SBQ ID ND:i:
AGCATCCTGA GTAATGAGTG GCCTGGGCCG GAGCAGGCGA GSTGRCCGEA GCOGTETERA
CCAGGAGUAG CGCOTTTCCAC AGGGCCTOTG GACGGGSBIE GOTATGAGAT CCTOCCCCGA
AGAGCAGTAC TGGAATUCTC TGCTUGGTAC CTOCATGTCC TGCARRACER TTTGCAACCA
TCAGAGCCAS CGCACCIGTG CASUCTICTG CAGSTCACTC ASCTGCCGCA AGGRGCAASE
CARSTTCTAT GACCATETCC TGAGGGACTS CATCAGCTET GOCTCCATCT GRGACAGCH
CCCTAAGCAR TGTGCATACT TCTGTGAGAR CAAGCTCAGS AGCCCAGTGA ACCTTCCACC

60
120
pi:14]

240

Ise

-

el
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AGAGCTCAGSG AGACAGCGGA
CCARGGATTG CAGRACAGAG
TGCAGATCAG GIGGCCCTGA
CTGCTTCCTG GTGGCGGTIGE
GCCCOGCTCA AGSCCCCETC
CHEhECCCT GTEAGCACAT
GTGCAGGGEG (CCACGCAGT
TGGAAGGTEE GGGTGCCACR
CAGIGGCCTT GGCRATTGTGT
GGTCAGGGAG GGRAAGEAGG
GGGGAGAGGG GAGAGAGATA
RGAGGAGACA GRUAGGGAGR
GAGAGGGAAR GAGGCAGAGA
GAGAGGCAGR GRGIGRGAGA
GAGCAGGAGE TOGGEGTACT
CTRACCACAC GTGCARTARA
TRCTGGAGRA TARRACCITT

GTGAAGAAST
GCTCAGRASC
TCTACRGCAL
COTGCTTCCT
ARRGTCOGGET
CCOCCRAGCE
AGAGUGUAGT
CCAGBACCAC
GTETGCCTRN
AGGGAGAGAG
TGAGHIAGAGA
GAGAGRCAGR
AGGARAGAGR
GGCAGAGAGA
CTGRGTCCCA
GTCCTOGTGE
GGCAGCTECT

{2} INFORMATION FOR SEQ ID NO:2:

70

TGAAARCALT
AAGTCCAGCT
GCTGGEEITE
CAAGARGAGS
CAAGTCTTEC
AGTGGAGACC
CACGCCTGRE
ARTCCTGCAG
CCAG EJ\GGGB.
ATGGAGAGGA
GAGACAGAGG
GOGAGAGAGZA
CAGGCAGAGA
CAGAGRGGGA
GTTCCOAGTG
CISCTRITCA

FTAGACAACT
[semaatieseln
TECCIGTATA
GRGGRICCCT
ChGGATCALG
TGEAGCTICT
ACCLCCAACC
CCTTERCTAL
GGCCCALSGTG
GGGRREAGAO
RGACAGAAAG
GRCAGAGEED
AGGAGRGAGG
GABAGEGACA
CAGCTGETAGG

CAGCCOCCAEA

PCT/USIBOGLTD . .

COGIAAGATA
TGAJ;GL'J.'GAG_
COGTCCTCTE
GCICCTRCCR
CORTGEARGE
GCTTCCCTGA
COARTTATEC
ACRTCCCAGA
CATAARTGGS
AARRORGAGGT
GGAGAGRAAT
ARGAGRIGCA
CAGRGAGGGR
GABAGAGATA
TCGTCATCAC
GAGLCCCTCS

CITCCTCARA AMAARRRRAR RRAARAR.

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 283 amlno acida
{B} TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{11} MOLECULE TYPE: protein

(1i1) HYPOTHEFTICAL:

hils}

{v) FRAGMENT TYPE: N-terminal

{vi) GRIGINAL SQURCE:
{A) ORGANISHM: Homo saplens

{xi] SEQUENCE DESCRIPTION: SEQ ID HO:2:

Met Ser Oly Leu Gly Rry Ser Arg Arg
1 5
@lon Glu glu Arg Bhe Pro Gln Gly Leu
20 25
Ser Cys Pro Glu Glu Gln Tyx Tcp Asp
as 40

Ser Cys Lys Thr Ile Cys Asn Bis Gln
50 ES

85

Hig lLeu Leu Arg A;p Cys Ile Ser Cys
a

Pro Lys Gln Cys Ala Tyr Phe Cys Glu

Phe Cys Arg Ser Leu Ser Cym Arg Lys
70

Glu Gln Qly Lys Phe Tyr Asp
75 \

Gly Gly Arg Ser Arg Val hsp
in 15
Trp The Gly Val Ala Met Azg
3¢
Pro Leu heu Gly Thr Cye Mt
45

Ser Gln Arg 4hr Cys Ala Ala
14

8¢

Ala Ser fle Cyn Gly Gln His
50 25

Asn Lys Leu Arg Ser Pro Val

420
488
540
609
:131)
720

‘180

1020
1080
1140
iz00
1260
1320

137

..!.

R

e
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Glu
225
Thr
Gly

Bia

aiy

Leu
1oy
130
Ala
Leu
Phe
Ser
Gla
210
Pra
Gin

Arg

Ile

Val

Leu

Cys

Pra
TYr
Val

160
ain

135 .

Asp

Val

Giu

Trp

Pro
275

RHis
Glu
ser
Giy

260
Asp

Gly Pro Gly

230

Rla
ser
165
Ala
Pro
Alm
Thr
Ala
245
Cys

Ser

Alm

Leu
Ccly
Leu
15/
Thr
Val
Rrg
Het
Cys
Faiy
val
His

Gly

Arg

azg
135
Pro
Len
Ata
Ser
Glu
15
Sex
Thz

Thr

Leu

{2} INFORMATION FOR SEQ ID NO:3:

Arg
120

b4
Gly
Gly
Cya
Arg
200
hAla
Phe
2ro
Rzy

Gly
280

{{) SEQUENCE CHARACYERTISTICS:

(A} LENGTH: 323 bage pairs
{8} TYPR: nucleic acid
{C0) STRANDEDNESS: double
{D) TGROLOGY: lineax

{ii) MOLECULE TYPE: cDMA

{111) HYPCTHETICGAL: KO

S {vi) ORIGINAL SOURCE:

o'

{A) ORGANISM: Homo sapiens

leu
Bhe
185
Pro
Gly
Cys
Gly
Thy

265
Ile

1 Rrg

aly
Lys
Cys

170

Leu
Arg
Ser
Fhe
Thr
250

Thr

val

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

ARGARGAGGSG GOGATCOCTG CTCCIGOCAG {CCUGCTCAR

AMGTCTTCCC AGGATCACSC GATGGAAGCC GGCAGCCLTS

GTGGAGACCT GUAGCTTICTG CTTCCCTGRG TGCAGGGCGC

ACGCCIBGEA CCCCCEACCC CACTTRTGCT GGAAGGTGGE

Ser
Lan
Len
155
Leuw
Lya
Gin
Pro
Pra
235
Fro

val

Cye

Gly
21y
140

Sex
cys
Lys
Ser
Val

220

Giu

Leu

Val

Giu
125
g
Ala
Ala
Arg
Pro
205
Ser
Cys
Pro

Gin

Pro
265

110

Yal

hrg

Val
Gly
150

Ala

ATy
Thz
Pro

170

Ala

Gin
Loy
178
Asp
Lya
Serx

Als

Cys
255

Cys

Gin

val

160

Pro

Se¥

Pro

Pro

240

Ala

Pro

Giu

GBCCCTGTOA ARSTCIGEIC
TGAGCACATC CCCCGAGCCA
CCACGCAGGA GAGLGTAGTC
GG46CCRACAC CAGAACCACH

GTCOTGCAGE CTTGCCCACA CATCCCAGAC AGTGGUCTIG GCATIGIGTG TGIGCUTGIC

CAGBAGGGEE GCCCAGGTES A

{2} IRPORMATION FOR SEQ XD NG:4:

{1} SEQUENCE CHARRCTERISTICS:
{A] LENGTH: 107 amino acids
{8} TYPE: aminec acid

9]
120
1ed
240
k1

321

e,

NTE
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2

{C]} STRANDEDNESS: single
{H) TOPOLOGY: lineaxw

{ii} MOLECULE TYPE: peptide
[iii} HYPOTHETICAL: HU
{v] FRAGMENT 7YPE: C-terminal

{vi} DRIGINAL S0URCE:
{A) QAGHNIEM: Homo sapiens

[xi) SEQUENCE DESCRIPTION: SEQ ID ND:4:

Lys Lys Arg Gly Asp Pro Cye Ser CTys Gln Pro Arg Ser Arg Pro Arg

1 g 10 15

Gln Ser Pro Ala Lys Ser Ser Gin Asp Hip Ala Met Glu Ala Gly Ser
. F{: 25 k5]

pro Val Ser Thr Ser Pro Glu Pro Val Giw Thr Cys Sex Pha Cys Phe
35 40 45

Pro Glu Cys Arg Ala Pro Thr Gln Glu Ser Ala Val Thr Pro Gly Thr
50 53 4]

Pro Asp Pro Thr Cys Ala Gly Arg Trp Gly Cys His Thr Arg Tbr Thr
65 il - 75 :1s

val Leu Gin Pro Cys Pro His Fle Pro Asp Ser Gly Leu Gly Ile Val
as 30 95
Cys val Prxo Ala Gin Oiu Gly Gly Pro Gly Ala
i0¢ 105
INFORMATION FOR SEQ ID HO:5:
{i}) SEQUENCE CHARACTERISTICS:
[A} LENGTH: 498 base pairs
(B} TYPE: sucleie acid
[} STRANDEDNESS: double B .
(D) TOPOLOGY: linear
{il} MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO

{vi) ORIGINAL SOVRCE:
(A} ORGANISM: Homo sapiens

{xi} SEQUENCE DESCRIPTION: SEQ ID KO:5:

ATGAGTGGCY TGEGCCGGAG CAGGCOAGET GGCCOEAGCC GTGTGGACCA GGAGRAGCGEC

TTTCCACAGG GCCTGTOOAC GGGSETGECT ATGASATCCT GCCCCGAAGA GCASTACIGE

GATCCTCTGE TGGGTACSSS CATGTCCTGL ARRACCATTT GCAACCATCA GAGCLCAGCSC

ACCTGTGCAS CCTTCIGCAG GTCACTCAGE TGCOGUAAGG AGCARGGCAMA GITCTATGAL

CATCTCCTGR GGGACTSCAT CAGCIGTGCC TCCATCRGTG GACAGCACCC TAAGCRATGT

GCATACETCT GTGAGARCRA GCTC.&LGGRGC CCAGTGRACC TTCCACCAGA BCTCAGGRGA

CAGCGGAGTG GAGAAGTTGA AARCARTTCA GACAACTCOG GAAGGTACCA AGGRTTGGAG

CACAGAGGLT CAGARGCAAG TCTAGCTCIC CCGEGGCTGA AGCTGAGTGC AGATCRGETG

GCCCTGGTCT ACAGCACS

60
120
180
240
g
160
420
480
458

PCT/US8/0427D . .
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{2} INFORMATION FOR SEQ ID HO:6:
{i} SEQUENCE CHARACTERISTICS: .
[h} LEMGTH: 156 amino acids
{8) TYPE: aminoc acid
{2) STRANDEDNEREE: single
(D) TOPOLOGY: linear
{ii) -MOLECULE TYPE: paptide
{1i4) HYPOTHETICAL: HO
{v} FRAGMENT TYPE: N-texminal

{vi) ORIGINAL SOURCE:
(A} ORGANISM: Home aapleas

{xi} SEQUENCE DESCRIPTION: SEQ ID HO:6:

. " Met Ser Gly Leu Gly Arg Ser Arg Axg Gly Gly Arg Ser Arg Val Asp
. 5 10 15

Gla Glu Glu Arg Fhe Pro Glan Gly Leu Trp Thr Gly Val Ale Met Axg
2 25 k1]

Ser Cys Pro Glu Glu Gla Tyr Trp Asp Pxo Leu Leu Gly Thr Cys Met
35 . 40 45

ser Cys Lys Thr Ile Cya Agm His Glo Ser Gin Arg Thr Cys Ala Ala
50 55 80

Phe Cys Arg Ser Leu Ser Cys Arg Lys Glu Gln Gly Lys Phe Tyx Asp
63 70 5 80

. His Leu Leu Arg Agp Cys Ile Ser Cys Ala Ser Ile Cys Gly Gln Hia
BS 39 85

Pro Lys Gln Cys Ala Tyx Phe Cya Glu Asn Lya Lou Arg Ser Pre val
109 105 110

Asn Leu Pro Pro Glu Leu Arg Arg Gln Arg Sex Gly Glu Val Glu Asa
115 120 125

Asn Ser Asp Asm Ser Gly Azg Tyr Gln Gly Leu Glu His Axg Gly Ser

130 135 140
Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys Leu Sexr Rla Asp Glu Val
145 150 155 160
. nh Ala Leu Val Tyr Ser Thr
165

t2) INFORMATION FOR SBQ ID NO:7:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 60 base pairs
{8) TYPE: nucleic acid
|¢) STRANDZDNESS: double
ID} TOPOLOGY: linear
{14) MOLBCTLE ’I'YPB=. «PHA
{414} HYPOTHETICAL: NO

{vi} ORIGIWAL SOURCE:
{A) ORGANISM: Hemo saplens

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
CTEGEECTCT QUCTOTETEC OOTCOTCTGE TACTTCCTEE TOGRCEGTEEC CTGCTTRCTC a0
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{2} INPORMATION FCR S3Q ID WO:8:

{4} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 20 anino aclds
{B) TYBK: amino aqid
{C} SYRANDEONESS: slngle
{p} TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide
{i3i) HYPOTHETICAL: NO
{v} TRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:
[A} DROANISM: Homo saplens

.,r (xi) SEQUENCE DESCRIPTION: SEQ ID HO:8:
¥

Leu Gly Len Cys Leu Cys Ala Val Leu Cys Cys Phe Lau Val Ala Val
~ 1 5 . 10 15

Ala Cys Phe Leu
1%

{2} INFORMATION FOR SEQ ID HO:3:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 22 bame pairs
(B} TYPE: mucleir acid
{C) STRANDEDNESS: single
{0} TOROLOGY: linear

{ii) MOLECULE TYPE: other nuclelc acid
{A} DESCRIPTION: /dest = "prima=r*®

{1311} HYPOTHETICAL: HO

{xi) SEQUENCE DESCREPTION: SEQ ID NO:3:
TCTOAATTGT TTTCRACTTC T2 22

{2} INFORMATION FOR SEQ ID NO:10:

{A) LENGTH: 24 base pairs
{8} TYPE: mucleic acid
{¢) STRANDHDNESS: amingle
(D) TOVOLOGY: linear

. S ). {i) SBQUENCE CHARACTERISTICS:

{il} MDLECULE TYPE: other nuclefc arid
{A) DESCRIPTION: /desc = "Primex”

[1ii) HYRCTHETICAL: RO

[xi} SEQUENCE DESCRIFTION: SBQ ID WO:10¢

CAGCAORGGA TECCAGTACT GCTC 24

-

R
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WHAT IS CLAIMERD IS:
1 An isnlated nucleic acid encoding a Transmembrane Activator and

CAML-Imeracmr {TACE protein, wherein said nucleic acid has a nuclectide sequence
having at least 60% similarity with the coding sequence of SEQ ID NO:1.

2. The isolated nuoleic acid of Claim 1, wherein the nucleotide sequence consists of
the coding sequence of SEQ ID NO:L.

3, An isclated nucleic acid consisting of at feast 18 nucleotides, wherein said micleic

acid hybridizes to SEQ ID NO:1 under standard hybridization procedures.

4. An isolated nucleic acid consisting of at least 18 oucleotides of a nucleotide

sequence that encodes a Transmembrane Activator aud CAML-Interactor {TACT) protein,
wherein said TACI proteia has an amino acid sequence selected from the group consising
of SEQ ID NO:2, and SEQ 1D NO:2 comprising a conservative substitution thereof.

5. The isolated mucleic acid of Claim 4 that encodas a C-terminal fragment of the
TACI protein that is sufficient to bind to the N-terminal 146 amino acids of CAML.

6. The isolated nucleic acid of Claim 5, wherein the C-terminal fragment of the
TACI protein has an amino acid sequence selecied from the group cansisting of SEQ ID

NO:4, and SEQ 1D NO:4 comprising a conservative substitution thereof.

7. The isolated nucleic acid of Claim 4 that encodes an N-terminal fregment of the
TACI protein correspording to the regulatory extracellular domain.

8. The isolated mucleic acid of Claim 7, wherein the N-terminal fragment of the
TACI protein has an amino acid sequence selected from the group consisting of SEQ ID
NO:6, and SEQ ID NO:6 comprising a conservative substitution thereof.

9. The isolated nucleic acid of Claim 4 that excodes said TACI protein.

10. A DNA construet comprising the isolated nucleic acid of Claim 4, wherein the

.- -
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2 isolated pucleic acid is a recombinant DNA that is operatively linked o an expression

3 control sequence.

1 1. The recombinent DNA construct of Claim 10, whersin szid expression control

2 seguence i:'; the SR, promoter.

1 12 Awuniceliolar hest transformed with the recombinant DNA construct of Claim 10
1 13.  ‘The unicelivlar host of Claim 12, wh‘?rein the unicellular host is a prokaryote,

1 14  The unicellular host of Claim 12, wherein the unicellular host is ¢ eukaryote.

1 15,  An isolated polypeptids encoded by the nucleic acid of Claim 4.

1 16,  The isolated polypeptide of Claim 15 consisting of a C-terminal fragment of the
2 TACI protein thai is sufficient lo bind to the N-terminal 146 amine acids of CAML.

17.  The C-terminal fragment of Claim 16 having an amino acid sequence selected

2 from the group consisting of SEQ ID NO:4, and SEQ ID NO:4 comprising a conservative

3 _ substintion thereof.

1 13, The isolated polypeptide of Claim 13 consisting of an N-terminal fragment of the
2 TACI protein corresponding lo the regufatory extraceltular doroain,

f 19.  The isolated polypeptide of Claim 18, wherein the N-terminal fragment of the
2 TACI prosein has an emino acid sequence selected from the group consisting of SEQ ID
3 NO:6, aud SEQ LD NO:6 comprising a conservative substitation thereof.

1 20.  The isolated polypeptide of Claim 15 having an amino acid sequence selected from
2 the group consisting of SEQ ID NO:2, and SEQ ID NO:2 comprising a conservative

substitution thereof.

21. An isolated Transmemmbrane Activator and CAML Interactor (TACI) protein that

9 fumctions as a cell surface signaling protein comprising an extraceliular domain, a

-
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3 membrane spanning segment, end a cytoptasmic domain that has a binding affinity for
4 CAML, wherein said TACI protein is a piasma membrane receplar that interacts directly .

5 with zn intrecelular orzanelle in fymphacytes.

2% The isalated TACI protein of Claim 21 which further comprises the following

1

2 characteristics:

3 {a) the monomer consists of zhout 295 amino acids;

4 (b} it contsins rwo TNFR motifs; and

5 (h) when appropriately stimulated, im sit, it iniliates activation of a

6 transcriplion factor threugh the combination of a Ca?*-dependent and a Ca**-independent
7 pathway.

1 723, An antisense mucleic acid that hybridizes under physiclogical eenditions to an

2 mRNA encoding the TACI protein of Claim 20,

1 24, A knockout mouse comprising a first and second allele, wherein

2 {a) said first allele and said second allele each naturally encode and express

3 the fanctional TACT protein of Claim 20;

4 ()  said first allele contains a defect; and

5 (€} said defect prevents the first allele from expressing 3 functional TACI

6 prolein,

1 25,  The knockout mouse of Claim 24 wherein

2 {a) said second allele also coniains said defect; and

3 (b) * sid defect prevents said second allele from expressing a functional TACL
4 prolein, whereby the knockout mouse does not express a functional TACI protein.

1 26 Anantibody to the polypeptide of Claim 15.
I 27.  ‘The antibody of Clain 26 that is 2 monoclonal antibody.
1 28.  Animmorsal cell line that produces a monoclonal antibody pceording to Claim 27,

I 29. A method of making a polypeptide of Claim 15 by introducing an expression

- ey
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vector comprising a nucleic acid encoding the palypeptide inte 2 bost cell, wherein the

polypeptide is expressed in said host cell.
30.  The method of Claim 29 further comprising purifying (e polypeptide.

31, The method of Claim 29, wherein the polypeptide is a2 TACI protein having an
amino acid sequence selected from the group consisting of SEQ 1D NO:2, and 5EQ ID

NO:2 comprising a conservative substitution thereof,

iz, A method for identifying a lgand for a Transmembrane Activator and
CAML.-Interactor (TACI) protein comprising:
(2) contacting an N-termiinal exiracellular polypeptide of a TACI protein with -
a candidate molecule; and
()] detecting the binding of the N-terminal extracellular polypeptide with the
candidate matecule, wherein the binding of the N-terminal extracellular polypeptide with
the candidate molecule identifies the candidate molecule as 2 ligand.

33, The method of Claim 32, wherein the Neterminal fragment of the TACI protein
has an amino acid sequence selected from the group consisting of SEQ ID NG:6, and SEQ
ID NO:6 comprising a conservative substitution thereof.

34.  The method of Claim 33, wherein the N-terminal exeraceliular polypeptide is
present on the fonctionsl TACI protein, and wherein binding of the candidate molecule is
determined by detecting cellular activation of a process selecled from the group consisting
of:

{2} activation of the AP-1 pathway;

()] acti\;azicu of the CAML, pathway;

) activation of NF-AT transcription factor;

(3] activation of NF-KB pathway; and

(&) activation of NE-AT dependent transeription.

=T

95.  The method of Claim 34, wherein the TACI protein is expressed in a yeast two-

hybrid screen.
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36.  The method according to Claim 34, wherein the TACE protein is expressed in

Jurkat cells containing a reporter gene under control of an NF-AT promoter. -

37, The method of Clzim 36, whersin the reporer genc encodes a marker that is .
secreted alkatine phosphatase (SEAP). t‘

38. A method of identifying an immunosuppressant drug that selectively blocks the
acrion of B lymphocytes without effecting matre T lymphocytes comprising

(a) contacting a first lymphocyte with u putentiol drug; wherein the fixst
tymphocyte contains TAC, and a fisst markes protein, and wherein said first macker =
protein is wanscribed when TACH is stimubated in the absence of a candidate drug;

{b) stimutating TACT;

{c} detecting the first marker protein under conditions in which the sransoribed
first marker protein is detectable; wherein a potential drup is selected as a candidate drug
when the first marker protein cannot he detected;

(4} contacting a second Jymphocyte with the candidate drug; wherein the
second lymphocyie contains a T cell receptor and a second marker protein, and wherein
said second marker protein is transcribed when the T celt receptor is stimulated either in
the absence of the presence of an immunosuppressant drug;

{e} stimelating the T cell receptor;

[¢:4) detecting the second marker protein under conditions in which the
transcribed second marker protein is' detectable; wherein a candidate drug is identified s

an immunosuppressant drug when the second marker protein is detected.

38,  The method of Claim 38 wherein stimtlating TACI is performed with an antibody
raised against a TACI protein.




WO 55139361 PCTIUSIBIA2T0 <

1/7

g
Tissue distribution of TACI
. h
-+— 1.35kb
. ACtin e o= 24 kb
2

SUBSTITUTE SHEET {RULE 26)




WO 98/39361 PCT/USBRIOAZTE =

2/7

Structure of TACI
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FIG. 2C
The TNF Receptor Superfamily
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TACT is a cell surface protein
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TACI is a signaling protein resuit-
ing in activation of NF- AT- specific
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TACI interaction with CAML is critical for
Ca“* signaling
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TACI interaction with CAML is c¢ritical for

Ca** signaling
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